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t, (b) T*Y+r-yy°)V*mtt-?&X7->yrt. 
( c ) <mt<nmt**: - L-xmmmkZ&sSL-t & 

X7"v7t. (d) tmmWM<r>~?X-7?7isn>Z 

im&m) mwBM&i&z^&mitemmmiz 



£' /I -2>,/, ff (n-/'(n 



<*7 



txmmztiz z t i^WLk-r&mtm 1 we**)* 
m. 

wit-rims* 1 tiEtto^ffi. 

ttfcmmmm&xv 9 k • ru-xsr-i-tf 
z. t zffl&t-t&m&m 1 ~ 3 <ov vma»KiEtt<o2r 

[awc« 5 ] mmwfife* y 3-7 ? 1^?- fr 

ET^TXn-Xv-XT^tm— 5^/KO^-y 3** 7 UjT 

in&& 6 1 mmkmm&miiztt l , mriem 2 ^ 
*«8SM*we* 1 nmtmwicomarmxhhz t 

— fe't, «rie»ioa»w»*j«i-r4fcftt:flijfiSii 

•th xf -v Xi)K &Jj¥Zmmz Lfz i/7-f)V$mT)V 

3*y XAzm^&x7-y7<?>mz&$ hz t zimt? 



&mim 1 -~€><r>^-rtifrt,zim<n-fim. 
mms\ &wzmm*izi&E+&mtMm$:%. 
mth^mxh^x . 

( a ) *-<0RJ6g»*T\ WREH**^* < b i>- 
i:» PCR7°9-f V-fflcO^y^^^I^^f-H^Tfc, 

frtep c Rr -?-m<r>* y =f * ? u->r?- h-^rtimr 

mmt mmmmt i^mmzm ismxmmzti. 
we* 0 ^sj 9 Kro-7*«i, m 1 <7>ntmxy 

nmrz>®Mz^ y y ?a xt %> x ? izm&zti. 

01jt?is*T H 7D-/IJ , -eti-f ixfflffliW^K 
SW1^g?i: a < t fc-ot^^f 7- y 

( b ) mmmmt tmmm^m^tLf^m^m 
mthXT-vrzisfr. (c> mmemwrnzmi 

[ ff^s 9 1 fit esufr -rtrnm vmsm * 

tz-t*.. 

m*<nmjzmsiL. wsmm<r>m 2 nmmzmtz t 
t . im^vmntm 1 cogset , zmmmnzm 1 
<o««i: tc^-f yy xt-?. «t a lC«^$^cT 

inE«-&f i» xf 7 y^m^Km^^x-mrnxQ-y 

KH^^SSfir^^^ X 'J ^ X-T 4 J; 0 tc^^ix. |? 

Bffl»doK»2<3ffl«fc>w xy ^ x-rs i d tcfli^ 

ist^^-7-o-x. is«wxa-x s Rtrtmsm 
-xifi, *ix?t\imtto*mtm®tm&m8ttizMi, 
x'^yvfjx-t&ztizx*). &i<m?mtm2 

^^-w&m&izisfrix&z t ztmt-rhmims 

IztiMttm. 

I mim 12] Xf»/7(c) WWa^BBiti: LT« 
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ft**-*--*-* (d) mmvmmz 

myr^iv^wm-h^-yrii, ( e ) Miesw 

<rmt?)-*M 9)V ■ is? V tH&Sthx? -vTk , 
5r $ fc*tf M*JH 8 JcSBtt 

iras* 1 3 3 si* %ma<nm&nme3&itim*m 

^TXf7r (a) ;d^^f 7 7 (c ) iTsMKOSSS 
( f ) ^logC 0 =logE(An)+logT 0 

? t £ $ *> iziz* . ± t,tzm.mmm^^mm t r 

[000 1] 

*v*7~emRm (pcr) « n $> 

^BfBfiESCkoTJifklntOSIKW^afB-C&i. PC 
RJ4DNA £2oOffi«W$r®[fc:#8tU •&jfo&*BK&$;h.& 
BrJ&9S&H-«9DNAi8T, «-*I^DNA|;75-fV- 
A^-o L . DNAjK IM 5 — fe'tfjll* ^ixT 75 -f V— j&» 

OiiJR $ tvfzwmfrn 3 b°-#-£j£$ ft 6 * Tift 0 5g 

[0002] ASW3rPCR<ora. 2#gn>NA«DNA£-&trtf- 
>-7°^Sr2oc0WJA«^grr-&^tta^ (IP*>DNA<0 

ft) . Taq^D.*?— Taq--KU^7- 

•fe'(7)Stoffel|li^KlenTaql*r'J^ y— if (Taq^U ;><7 
-- feW «KiWW»*iStta«*Jfc LfcSJS* - *HIW«F 
SS5.436.149^£#5K> ^fc'^Taq^U^ 5— b*£7)*±^ 
C0J;5^. Stffttt CD*: 'J * 7 — fe>\ fc'0St 

[0003] 1991%*^1998^C0^tc, 5t4«PCR&£: 

m \, ^tz WX<?>m$ \ofe{z £ T'tiin L . 5£SWPCR<og 
ffl*^'iiJnL3t±^Sioio(i. ft{,gv^D7f-( 

V^ffi tHMLX PCR(i5ffi<oav ^-Jgjgtfft^fc V > 5 
*3llcSo'<. Z<W8&<rtf:#>. PCRIi, 5gStt£&| 



[0004] jfflKf&W PCR 

*t*. as&ffli4±fc, «§§o®jK^pcR*!i%i&^ai-f--i» 

ffiora. tiH@^aiiiT n =T 0 (E)n (T„ Jin ? 

jisEiz&v-hmmmnwm.^ t 0 tifl^mffyos, e 

[0005] <5^i'<0^««#8l;tfggC-tM ^yW*t 
<7)d*>4 *»5 1^'f^5';^L* i ^:V^. g^WPCR S$:fflV^T 

[0006] ^W/eSWPCR 
^-^W^SWPCR R*6o*H»fflS:^.o»t*<ofc:ff 

timx-mzzzh. *?-im£X'Zi\iihx&3.&. % 

mi+^-rwz&to&nmtotmzwmmz 
iutzztu. mmkmjjmx'ii^mx'hitzZb* 

[ooo7] m&&mx-z sm-^wpcr m&mmizit. 

^<H)WX£JWP&Lmi?X^h. M-^^ffi 

«^Bi* i s«i:«-r?'T^fc4>, pcr emizwmzm- 

[0008] m^\.±mmzi&\^^.x'^<r> 
y-yyMzmnztiWftiitth*^. i>uttwmm 
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[0009] K£«^i£fcov*Tttffi«>»«fcjL#r> 
T*-C^4. «t<$>l»StfJ(i, *^«9>4»*SrU^:ki 

*-&*«3Wr4S**Tl««Sf».T L4 3 
3&»tL*i!5rv%tv^itT**. MWfcS£-£*#*lR]L« 

MW:77^?-tS^L, J:»)l«W)WRfc:J:«>T 
IMPS *i4 A>i> LixSrV * i: v > 3 i. 3 KtZ. b U* i> «* < & 
&fSf$T'£>&. t LPCR ^j£cf(C^T-a2 
2>fS\mtf%fr~>KbLtzt>. ZiXt><V%mizjtfLTte. 
mmb «^ft*+4H6W: fcofc-r 4 £ t fc J: 9^*. £>ix 

[0010] U T/P^'f AJgSfflPCR 
SSSO^fci o T^PCRRJ&T) 'J T/U? AtN3« 

4 ^Sffite, f5 'J— f-jL-^coJ: dfcfMKcfl- 
LT^#^*ffi«Srl*o-9->-7VU^5rffl^4i fc tcj; 

[ooii] *«^>ft(*war«Tti. ®min<?>mm 

*3HUK:J:*i:. RiESr^3feT«^L=5:* J 4>DNA-9->'r 
[00 1 23 ^JlWPCR^-eiX-e'iX^-f 9MZ&UX 

mm-rhtz^xomyt^m^Dco&mii. Higuchi^o r$ 
mmfflMntmbwmzmBiftzifToijms bio. Tech 

nology, 10:413-417, 1992&J: ")H»ft3*U 

^rate<ofc«xc, aateflrtriiiiM duenna** $fi 
Jt. ftWca^piig^s^vN- y^^^^yh-^ (is 



y * ? u-r— fe'^tt^Mffl u*. y-v-yzmzttzm 
ffikitimwrngtztuz. ztu±, orj^-i^mm^m 
. K?^jiw&&aj£*]wc-r£ i a l*. 

[0013] ^ij^r^i: LT. DNA<7>ifilI$ft.i>gWfi 

«+owjw*s«e*sio>w y u *m x^-s «t 3 k-s- 

:7<7>}ft±TT\ DNA^y:r/i^o&M^;Mi^«W« 
«<DPCRi|MH«:fr 3 affcttfcWCtt* £ 

CO>W X'J ^4 a y • To— 7' ■ i^x^ti. DN 

AiwitfMfi»«wt^N-f tu x-ri,2o£7)3r »j ^5 9 

[0014] iix^^gl^^SSlH^rriiilSiSrWPC 
RS:. f^W=5rM-^WPCRj;>9lil : t-&g^i>^^L/c„ 
WfcUT^-f APCRti. PCRS^?KJKS--?-iX'fixco^ 

*ffi»«:3l(«ai«ifc U T/U^-f APCR^HT'ft^LightCy 
cler (Roche DiagnosticsttOffiS) SrJBWC^T^rtVT ^» 

»A>ixT^l.fl6cOPCR«Stc-oi%T(i. *I^BJ5rlli&1- 
[00 1 5] 

•y h&xv^yrjuwzmmzit&ix&mftoimnmg. 

ttzii-?* 7 7 9 ~> 3 >*ms£? 4^&Sr Bttt-T* . 
tz#><r> . y r;u^ 4 A^aw »j j< 9— «ac ( pc 
3 t-»*^jrr«.*«ii, jWf < b 
\&mk<r>* v zt KTG-ySTi-ocoRj&^fi 

«kl//4^iStfilfta»WS:fi : di:V->a«St^-f-yr 
[00 16] 

wmmzmmmEFFb m tmpiz to x 0 izmm- 
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hK^mza^x^-y^yy^yvu^jux os<® 
&)ts&ffiw<oftm-r& mmiz ? o^w r y yj x l% 
^t^ozt&M-r&tzibiz&imzixh. tbh^fomx- 
a. *<o&m%ffimmmmimmcvm^z>Mmt,zit 

[ooi7] mcoMi^Mx-ii. m^nwm&wn*: 
wm^^mt&mgmw x o izmmmmw t m 

nznm^coumt. m&jvtt^-t&mmzitK^z-*? 
< us: & t m^mtmtHm tA,t- 

mt$>mX'M^Zti%>&o<,z%:'>X\->Z><, %cr>Xz>%m 

m®m±. zsismtmm.<r>Wi ] omuz£~>x®.%.zii 

[0018] Ty*-7°n-7tfM^<VWminc7>% 

^tc^-r-ssw^iE^jcopo^^-f ^ x-r 
&x 0 tzmj&.ztn,. m-^Tu-nm^iicomms. 

fl<o*ott#SrtH«fcyw 7 y yj x-r&Xo t,zffif$,z 
iznm-thwmm^mz^-i rv yi x-th x o t,zm 

^mimimzjsjy'vyjx-r&b. m-m^mtm 
ffl*t«*£&je-*- 4/sftfcttffl$n4 i #t# & . * 

*fc*i«t<a»3fcx*yMf-£$fe-$-$. ^ixKt>;c. gft 

SfflffiMkil^SaaiiM<0«ieJirai*fc:fHi8T , S io 
TS>I>. 

[00193 $ hizfflnmx'it. i/vyivyovwt y 

£»LTfc<i>il&. 

[0020] io»>B<oa«<osiiUi, M^tsswa 
?>visy h zmzmn<r>mmmmMcn>mB.*%. 
m.-thumx-tbh. wG&mmn t m-smizn lx& 

fc/lfc'^U^-f logC 0 =LogE(An)+LogT 0 (C 0 It 

tanm&facos,. e ii^-smm. An &wmt&£m<?> 

i<0^<iy=ms+b (TM'kk ~>X ^htzib^ Wl%]<7)M& 

^m&kn-^mfwm^m^^ ^>v^y vtnm 
&Mffm®<nwtonmj£<r)m>x'h%m.mz-%h. w& 



[0021 ] DNA J&B^tc^rffl&JSJflcoi oti. hh 

x\,mm*r<i ? iwm^tcmgx^m^mh&z^-tt 
mz, m^m*wj >ux<Qmmm<om?fm*&rm 

[0022] zemwnz bizsmmmte. wm-vr 
ft?&Zitz>XT--vTk. um^yy'^nft&Mt&x 

S^f77t. IWH^77?y 3 y^f|, 

fcftfcj«y3Tfc:a6-^< ^^ypjDxr^^y xa$«i 

<^fflfe&«WSafiiWli:SWrft, AXja-S-ftsfcfcttrtfc 

ttwaiMrPfcfflv**. ma&<7>ft&mmz-*>7jMz 
y-fi'aytfzizmamcDft&mmkcoitfrbmtzti 

[0023] *W^(7)$ A>^r?.#^!«i. VlTlZTFCtmL 

^i.hi\.h m.&<7rfimx'<rm^nmm * use l^p^o 

[0024] 

[^OHJfecO^] im$V.z&hk. MWftcO^fiSr 
li. «WB4fctt»»llll»JBW«rff diaUT^^-r AT* 

z\tk, wmm<?>mi<7>m.*mf.-thtz 

I. . S^E^T, ^T£7) "J A j>pcmmww9» 
&mzltt h tttttf}%3EM.t,zm%. $ ilT . C^IMj 
Jif WfcWfflT* •& # . f - a -rra^PCR^ojgi 

mSTUn^^ixs. L^LdoD^coyryu^-fARsti 

[0025] *IOB^Ii, SWi:^-^9^E?'JL. * 
iilz X 0 rt^S* i: ik&t h Z k iz «fc o T itfe^^^l; 

Z-simz-t&OTn'f'l ttenasmteBtnk-ti. z<r> 
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[0026] hzmmmizz. h t . m-m^-i yyy 

[0027] i&coMX'li, m#)t IfflaafW L*»SWr^> 

[0 0 28] HlfcL iB&Sftfc^fc^T&JflSft 
&—ntmm4 0 O^aSHf-f ? 5- (LightCycler) 

fj- y 9 v i/\i\&£xtQ%&mhmx'mb^tc?>\zm. 
W3ttd-z7TV\mz£ K>mmzti&. yry\±is*y 

ffim £ SftJB4703&» 9 &*#MJ M78 *» 4> ffi-T . 
H*SiifcSQBe!IR-C«. 2W>r)Vm? >ri-450 (2 
-?<^3*>coio#*0Cc^$ixTV->& ) (i, M*#-t-9 
•5^474*: h47W5ffl 9fc#ffctt£i«$*l.T^ 

^y7VP3>-T-i-450(i, 016^3 >"<T-480O|*l 

»fc&S;*9-:/452fcJ:^T»tlXS>*U>. ElKSa 
XT-480(i, h486^J;r)-C^-^-488^-5 
^'-5TV^lg»j^7*484^Cli.^ ; &-^-488C<J: 9ft 

1^^460^ J; -?Tff <oiX&. LightCyclerCO$^^rl> 

smu. xmft¥fftmm)&/&&),275 j 5<,zimztix\ l i& 

[0029] WffiOUmizX h t . PCJHeJ: hfm^ 

mmt. t -rmmvmim * ^xs^m^m^yy^ * * 

*\ZyO~-+x.-y't,z7j\&X7->yy't. Zcotkm^tfi 

tyr^tswaK ( r r--9>^asj ) 

*&J<7»J:9;iK, ffi3&c7>&gi9^ : 5:<i: 
t>15«ULhffi^2#@<OiBJK ( f^ttfflgj ) £±ff& 
Xf-z/i:, -?-<0M^6W:o0^m^B#ia2#S<0 

£>^3r< i: ift^iSSi: IB] t < &ti4tiUE(C 



[0030] ftiUJftJKJB-Ctt, DNAie^lJ^tgitsSti-^ 

^r^SrSWKaKkr--y >-^*iajKSrms^iHi^9 
il^aSffij&^'flrS. fH*?)PCRffii>. znft&nmmz 

x-yx^h. mux. ?zmmii^yr>vi^m&^ 

[0031 ] AfMTCtt, POMlRJEtty Trt^ AT 

wmytisf-i-Mzm^ v»< o*^«iai^:*^$ 

ftfc. flU.HT, Wittewer^. r*i*lM ?A4>NAJtMR0Mi 
gSW&ft®&j BioTechniques, Vol. 22, Nol, 130-13 
8, 1997#HB. £ft&Ot*ai^UJ*rFtf>£i:£*tr 

ZilblzmbtlX^&MIX'li.*^. 
[0032] 1 . «3t 2 SffiDNA8WH)K<0ttffi ( 02a- 

a^2Migti«is%oi(±. ^f-r-g>-9-^r;utc7c«ff 
&t&mas.$:®z&e>x\ 2aMDNA#pwfes* { tt 
ffl^fii. -etui. 2fi^DNAic^u§^-mtf. m 
%*m%x'mi®f&t. m&Ltzmxzm-r (02b) . 

PCRS*&50^^^#S:-¥-i.^:V->SYBR™Greeri IOid^ 
[ 0 0 3 3 ] 2 . Taq ManllS ( 02c-d#BS ) 

^si»<oia. ru-yi.imffmmzj^ rv r-iXL 

(02c) . fgivtr^'f V-C0^*^ra, 5*-3'x4fV 

-f -t'-^a >-ro-y^/h$^/jNn-^Mn:-r.& (02 
d) . JiS^USO^. ^feaj^'itii^ogmsr^ 

[00 34] 3. 

Taq Man7-o-yi:|5]«. ^^l^* 'J ^ ^ U^f- H 

immmbmmuMX'y^ju^ti. -mnmizx 0 . 
fcmmiztfuiti. y-n- yffi-mzmtt h mm®, 
mamm 5,h8,8oi^-#k. 

[0035] 4. ^WT'U^-f-tf-v'a^OlBflHin 
•^•|>FRET (02e-f#HB) 

i<o»aj»*tf5>t«). ^nzix-eti-Mfflmx'?^ 
%.mx'izhz>tfw.*t>%^mmzs\'(y'v?'4x-?2>z 

ttfX'^h. loBc0^9^5^^^Hii5'5^T'7 
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(FRET) (H2f) . 'vf TW-f-tf 

->-3 yte^ffcO®igti^UT;g£&2oS<^§# 
OSBfc£ff»r.i> ^ b lz X -d ttz^- %ti& „ 

[0036] f5i«c7)iiiS^®^feo-r . loogft^ 

£ix£T7^-i^#ilftFRET^TfcL-ti!K. Be 
rnard^ r ftSBttiUfc Jrl^ftftnf x*/l^-l£l£i:r 

<^)C677Tj*[g^®SROttaij Anal. Biochem. 255, p. 101 
-107 (1998)#{S 0 

[0037] iiS. BESSitrtyW 7'J *W ■tf-S' a > 

-f XT' £ £ rn- yohtUH . 1-?S> I) v *Ji^ < ojWpT 
L£ v <ntf& £ ixx wc i> . *P^BJ<oS»WI5ffl 

fe3?a<o«ii*jei-ciooajsi-*^{4fflffl«=iriwi'c* 

[0038] wt&v&x-^jux-ti&a. Trovymm 
nm}wmzt$m^ismiz®£.Lfzb z t l-om&m 

ftusx *7^-te»tfMSaEtt . (8 . 785E- 5 ) (f i ) (k* ) (n 
- 4 )(q 0 )(R- 6 )(J Dft ) TfcSit, 

k* <2tt^#fc§§#<0Hc0:frfigg 

r a&i&frbm-tiwtgkDmm (leiity^hD- 

A) 

•Ida ti1" / <-TOa^l.jS«$-S!^L^ST-0(F D ) (e fl ) 
(W») 9 . F() (ifit^-«t<Of-^^^-fL$^ 

e ft li3«lF*l ^&£90©IR2&* (#<af±M-icn 

->■) 

X- hh. 

[00 39] b'<V±o%m-ftb%®mzttlXi>. 50 

% co&iMJi^x-smtfmz&miwnM.zix&zb 

i)**imX'$>>0. R 0 b®Zti&. ftH»x*;u^-KBko 

S<0T\ fttl&x*;l^-©f£y:R#R 0 *>4>Sg*>4J:3 
t**<JBMk-f4. 2 R 0 X'\&mM,^)V¥-m£\±te 
bXb^Zht&W. 0.5 R 0 Tli:S5^*(3fi!j<7)^ 



tz£&&immtff&miz%e>^m Y )imi o o%t& 

[0040] &y67^J\sZtlfz* 'J ^K®!(iDNAE^J<0 

4-^^Wfc^ibte«t(20*>£>25* 7 l^^H- HO® 
HTttfvC . 0a>4>5* ? l^f- VffitlX ^ZZbtf 
#*t<, 0#>4>2*?i^:*f-h*8t;h.Tv^c:fc*^& 

rati, anj^w-Ji-f-K-c**. 

[0041] tltt V ? Vit^- F<9lO#P 

2o<7)^3K%«{iDNAis^jo3£o^^#«-rs. zcomm 
amzh&zbtf£K)ift£Li,K 

[0042] ItXWl'ZltfZ* 0 9 is** vim 

-Kb ^mmMk^wmmn^.^ y>txi,w-tti 
». m-^mib^^^com<om&it-m.mzm% 
m^-mztfmz &fzMz&±%^&& . -e-#i«9> 

[0043] mtmm^^-wf^Tb txm^z 

FITCto-^*5>-, 7 -f rJXU7^.Uyi;Cy7. FITCfcC 
y5. FITCi:Cy5.5. FITCi:LCRed640, FlTCtLCRed705. L 
CRed640tLCRed705(c:oV>-t(i, 3— u-yJ^¥fB 0567 

622#(=BKCIEK$iXTV^. 

[0044] DNA<7) 2 SMO^S14« . 2 fig^S 

CG-t-M, Watson-CrickcO+g^TtCfiScfftTV^. 
Watson-CrickOJga^TO^-fLti. S^? >y f^2li 

lTj£^iSS^fc:ficff LTiBfl»«S5flrt-4 i b (,z £ *) 2 

mmoT^&tiz^tfh. ztvtpx.. wtwwmn 

[0045] 5. ^i'^'^^KO^U^if ^I'Ji-f-H 
>'y^7'OU0^-Ud'3f 7\s**}-Yb\&* Wt^^JV 

3fe&«swtf s . 2oomfl io a izmmz ittamnvfta 
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[0046] LightCycler<7)7t^coru— /i^XfA 

?m^.T(7)2^comm!imifipnt<7)mz&mzj\-f y y 7 

4 *t*£fcfcJ:9&i»x*^-K»jWB£* (02e 
-f#.«D io^, LightCycler^c^^im^^o 

Sir.*:. 2?«BB6t4Myy ?W Hf-^ a >ro- 

7 U 74 X-th . S^fe^tf>abfex*;l^-&^{i7> 

9&Gnm&b 1>X rovbSfti. S&ft^fctfH;: , ibE 
«2?aS7-- 'J >-^#^XBO^TB#^^^ ?;Hl2lf 
OtmS*l4<0**a* U*. LightCyclercO&SMte. 1 
ocoft-^-feSgt LTFITC, aotoR&iJggfMRi: LTL 
ightCycler Red 640 (LCRed 640) Jo it/IightCycler Re 
d 705 (LCRed TO5>tr*WW* Z k IZX-tX&m&mz 
. FRET:* U rf ? K^TtiLightCycleri: 2: 

h. 

[0047] LightCycler^J; h »J T)V94 Aj$Jgfi6<5P 
CR 

LightCyclerti, SYBR 1 " Green I CO X 0 S^J&DNA 

femtPCRRje^^-^s^ftcTvw ry r-r -tf— 

yru-^c0ff*>^>A»i:^tfiefflr#4. H3afc 

03bfi;w yv ^ Hf-v- a yyn—yzm^tz&fco 
&mmwmwmmwt$:*Lx^2>. &&yv-ywi 

KX'7</l>ZtlXt5 t ) . ^7°o-7'(SLCRed 640^7 
ra y h$fLTV>S. flf&KO&XOffigti. lOAtlcoK 

JSCO § mWOlO 5 #> A> 10 1 3 t-<50ffiHT-$> & . 
[0048] LightCycler$rffl^^§©!^^ai 

m?hzkx-at>%h'mif i '&t>tiz>. isjgw&itLx 

4 7* 'J ^ Hf-i^ a ; t #T'# § . 

[0049] mmmwpmzx&jzm 

yu-7#»\4 70 74 iz—is 3 iHcJ: SliSfcco&JKtS: 
&&im?ckmL<Dya>yhlz£~>xmJlX'£i> (04 
a) . 0SL!t7n7 Vm^>cr>y->7iV?:A5°CfrhT?C 

&x-M*N}>%%j£±.& (o.2-c/&) s-ttsis. o.rcr 
kiz^-f-i-zzkizx-^ximzixtc:. mm±^t 

Ztl. 45'C3.X-Mmz<§ltlZtlZ> (10*C/#) . {&iSJ£ 



icfc^t . ro-ytii^coanc^-^ ry ^-f xl 

(flRRtfLCRed 640/FITC) (i±#-fl>. MkLX 
Vi4H, ro-y{i55'C*^65-C(O^H-C^-glL, 3*3fc 

•/ ? > h is^Mzmz . znm&nmmm 

ftS (04b) ..IfUi. rn-^TmcOftiSSr^tCt 

[0050] g^^s^ai^Sfit^ott/c^ft 

M^W^i WPCRT -x -b 'f tfcft^ 

ftuwmk Lxmm-rtm^m&MM^^ifiimx' 

hh. mtMf£&toP(ZTv*4X'<mit>tekWtoli. 

mzx-z h mm®. t t v ^ < r t>*\, \. l*» L-e 

[0051] ^wt^Mcofa^^w^jsmji. mm 
wmx-hz. mmmmw, mmmiz%m%mk*ft 
^zk\mk/*k^\znmL<ohhmmmx'\&, 1 

*<Tt>. LiAtCyclerSrfflV^TKaijT**. m^Kfk 
WTX'W\4 7V 74 3 vyu-7\iS&m<W\ 

mzm^^-t^K 

[0052] LightCyclercOM^. 'J T)V94J±(V§t 
MaSrft^-ri.. ^Oty*-/Hi. TmaSrffl^/i^i 

totehw? h^xTom&k vxm< . gwt^-^s 

o-y ht*Ufct>OT*4. ZixZ'tlcO&miz^X , 

4?>i<mi. mmm®cr>im*i&£i-$>tzMzmmzti 

Si 3(C-tft. *H^lt^6,387.621-^#Bg o .rcr,^^ 
vyl^-^^-^^WV^h^XTcO^^ 

(4. 2ocofHiffl||^<a«lci3{t-2.^-r*^^-f 

[00533 mmwpaizft&mmkmf^trcijm 
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acw^ro-^ • s\j ry ?4 Jz-i' 3 >iz x otiw 

-T'Uu SiJWfeCDSbfc (LCRed 640 i: LCRed 705) 

feT* 0 , * + e 7 U -«05fc«0+'M*5fi<OS3fcJ«fe3fe£ 
12. 520 nmi:640 nmi:705 MW^bVU? 4 — £ 

[0055] wm/ntrtiifiiM ~r y ^ -fe'-^a v~r 
h7-?tfmm2ti&. jmx-b&ztiiz* zcoirmt 

[0 0 5 6] |5]tiliac7)SWtM-^l^'^tfRJED* I [Blt 
[0057] T^C.T.^&S 

4^to*<z^t*ixb<Qwmmb<m<?>^ mm 

*ffltti 
T„t=To(E) nt 

c„ c =c 0 (E) nc 



Co (iSWc0g|DC04. E (4KJ6£>¥*P3ME. nc {420 

[0058] 2\siMftmi. mtwxcmft^^x'% 

{4. LCRed 640hLCRed 740<5DlSIT*>'^-t-^S!J*<OSV^fc: 
i iXUMMt&BZtuto^t** o . 2 E«4hWft*«t 

C nt =T nt 

C 0 (E) nc =T 0 (E)»» 
**i£S8EW4i:, 

C 0 /T 0 = (E)"t /(E) no 

M>afc**»£i:4i:. 
log(C 0 /T 0 )=log((E)»V(E) nc ) 
1 ogC 0 -1 ogT 0 =ntl ogE-ncl ogE 
logC 0 -logT 0 =logE(nt-nc) 

x\t-nz\iWmbm^<r>^-i 9)V^yhX'hh<T)X\ 
logC 0 -logT 0 =logE( An) 
logC 0 =logE( An)+logT 0 

[ 0 0 5 9 ] fRJl 

jjiT<osaK« . m tWi%.<r)mtimwmt w&wt 2 mm 
ftcogckmbmtx'h&zt *mzt&tz#>\,zTf*>ti 

[00603 mt^wugcotitmztitzWffitm'&mtf. 

Mfbtnz h com±wm& hti. p c rx'35+m 9)vm 

(BSix/i. ®WtM^^T<?)^T<5 r )2IB]8il:^S^ 

Ofe*cffl(2 15] t T'S> 4 i t ^'Wff ? tlh . i <0^<25 
E^Oil^ix. 3£^S<^-te'nfflS#*//n095%?)fi!?l 

ibtitz. ttmtf*vX'i±tc^tfmz~MX'$>z>m&. 

[ 0 0 6 1 ] 0>I2 

^ < b t $ -f o& 4 i v^ 9 z b *m%i-h 

tzMz'nhixti . mm-Mizm?) b"h ht-m^z^ 
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JSftfc 0 10**»fclP 3 tr-coKHOM^i: 1/3H3RS 
[0062] -JB gWWlO* 3 e-f * 4 k # Oiteft 

<ofW9«Ktc*j tt mm t m-stywit^wckmcom v 

R£3*tt . lKJCtco* 10 1 A^IO 6 3 b-Ogffi* 4 , 
«tetti:2te, 5fg. lOffiK 20mb±M<?>mLlZ£~>X#; 

hMmn^v-mmmbiimzm^xfmzti. m 
mcomw<7)Wkmbimi$ix&. zemvuimvn&z 

[ 0 0 6 3 ] 013 

ammmn. mm^^-m^T-y^^c^iEm^bn 

mz^th^iW£tZ>tztb<,zftjbtih . PCRHHo 
m&bjE1&Zlz~?\^XMffiZtlZ>. 10>*>61P 

KHitfitJtSiifc. 10' a^iFottt^Btta b'-£fc* 

ix-mtcov vt . r tmzft-itimmft&izsMomiz 

(%CV) Srff-aj-ri.^fcCio 

* fcttio* 3 b -cr> i: # is . xcvaioorffirit-e * & t im 
£ix&. tokav^3b-iSctcfcv^T(4. %cv«25%mtf£ 
TfcifcJBftSiti. 2flK0ffl>i£3£fc:ffi8!| 

[0 0 64] V7hW 

it. ^*>*>i<mx'<Di>-7'i-fi-%}m(?>mwzttLx x o 
vym&vwmmizztLXTv-y hzti. tKi-r-^tsii 

(%CV<;50) V7h^xrfc4^iOlt«**«rt-*. 

054 

ightCycler(Cj;4 U 7VU*-f AM-£W5£«#JPCRO}j-ffi 

^'^H'Sitfc'vf r^f -e- ^ a yrn- r^MHiis 

[0065] HiUfr® 

CO05T-5gji-fl:$ix4S6<){±. b hHER-2/neuSfE^T' 



£>•&. dc0HER-2/neujHE^(i?L*'>-O25%T1iitSS^T 
fcD, iWH*)*^ (a«2-50fg) {i^ff^SkfflML 
TV>-?>. H7{2HER-2/neutC*tf 47*n— rcO^H-T'S. 
4 . C <0frH"Ctt , tt-^KBtt^ W 7 'J *W b'-x a ^7° 
o-rtCCA $ XV y . y°v-7<r>4>#;<,zft 

•yf-L^iHWb'-^i: $XV-y^)j5tft¥b--7£IS3'J$ 

•^H"3>T7>fV— (ISK^H*) ti. Primer designer™ 
V7h')l7 (Scientific and Educational Software 

[0066] gte-ifoOffrfc 

NA#>£> fc o /^HER-2/neuji^*^ . 07lC^ Lfc X 0 & 
G^A^CD^t^tfS^^gPCRT? V-Jgot 

W0)m&gm*W>h ZblzX^X 

[0067] «mj:fll^90ttKU. Molecular Probe 
ttOPicoGreen 2*MDNA^»T ••/ -fe 'f . 4fc«Sfc#3S 

[0068] rn-y^MtffS 
7n-7t,±m7l,Z^Zti& „ T>$-yv-7li3' SSt 
^7t7^;U$iXTV^.SS*7*D-7'(25' ffltCLightC 
ycler Red 640T*7<;U$iX. 3' fflti'J VB?fc«t 0/n 

■y ^ $ tlX ^ h . 7° o - yti«tC^(S L^ft^ffl V 

[0069] ft&WmcDJZM. 

?wm) *^ ^.-thmm^bVcmt^^b^-m^ 

- 7$>tz 0 10i o & ty ioi 2 3 t'-<?)fJ£M i: M^I<7)HER- 
2/neu^, |§ltiilJS-Cig^-$il4. ro-7"cOT--l> 

mO-VCZblZftbtlZ. StJi^-L/iGaussianc7)T<7) 
ina^ibti. IBltto«*lo«Wi:«^*<oltl.O-C* 

i> . fti.otf95&mm\zmzt$-hx\y&frb'ofr£ikfe-t 

cr>M<m&mmwix'%%\'->zbtf*k2tit.z. 
[0070] tmzti. jm&mmmiznL&mx'Z h 
Kmrnvymkmsm* %$zitwmiz&& lx v m> *^ 

y -b- ^ 3 >ya-7Kmzii. mwmzteo. 1 ^ 

CR(Cj:oT*^S*l4««>jev««waiW40.l3&»ia0.5 
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JiSiiW=5rLightCycler^^trn1S2r^ t . 

LightCyclerc7)F15t^(i. FlftifJSs^ 

s*ife«wre-^Bai*a!i^-4 «t 3 icitti-s*ifc. 

«£*LTV^. Cltl^O^mti. (77-(?-a5 

J o o 7 1 ] imv-?mrtz*&f&k(7)iimffl 

SUM t - ? OSS t PCRS^co* i: <3ia?)]KiftHffit£ s 
£MW&LightCyclerIijj?f|?#f y 7 h-)l75:fflUtS 



xi> L w±$h.n&. zcDtmcotmamtrmf&ti 

^fVl*y^< s^-j-^jicr (TMBSP. #IJ6#H|) £S 

emznymu. ztL-?ixcomtzm-& m tjra»4>ar* 

[0072] H15J4»±S (WT) £51$^ (M) (F&k 
ffl#^£20: 1 : lOO^ffifflOA^JtTSI-g- L*:f£. 4 

fcttJRfc^. £*i6«0«*tt. MlUffillcoTMBSPeW 
#45-9-4- ? jKTDPCMtfHfciff 3 £ t lz J: 0 lOOa^O+O 

mm, WMt'-fftmizJ: &fc&cr>iEmZ £ * i: *>fc 
t CDX'h 4.1: SOOitCftWf ^IftWr iEW $ "CBtgO* 1 

t* s 1 : ioot-«/Jn$ sriiv t tzmmmzm&x' * 4 

[0073] 

[*1] 



t4l 



j££SI=*U- *a x S 4 S <& ft 





MM. 


2X 


5X 


1 OX 


2 OX 


5 OX 


100X 


















1 o* 


1.040 
0. 041 














1 o 8 


1.030 


0. 544 


0. 230 


0. 108 


0.052 






0. 069 


0.044 


0.008 


0. 007 


0.008 


1 0 4 


1.010 
0. 055 


0.517 


0. 227 


0. 117 


0.062 
0.005 


0.027 
0.011 


0.012 


0. 009 


0. 006 


0.010 


0. 007 


1 o a 


0. 943 


0. 503 


0.216 


0. 104 


0. 051 


0. 034 


0.018 


0. 068 


0.034 


0. 015 


0.005 


0. 003 


0. 005 


0.003 


1 o a 


0. 967 


0.493 


0. 207 


0. !16 


0. 058 
0.006 


0. 022 
0.004 


0.011 


0. 173 


0.036 


0. 030 


0.018 


0. 006 



[0074] PCR*)SS«3rtt«ofc#>. Kl63WStf>/J\ 
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[0 0 7 5] V7h">ir 

CiaKKRILTgMrU l*^3tfOGaussianffi«l^-5^>a 
<i^-tl.Gaussianft||cOSc$:A^-ri»^f(fC'S>l.. 31 

[0076] Gaussianfl|gO^TfflV^ixTU£>^7 
tf-^Mau t°-7CD4M> CDfi 

a. t-;«fi(wwKj) x'h&.xvx^mwtm 
mmmt vxi-ox-h o . wti^^w^tt^fEH 

Wi£< iEbic»SKi6<jT-S>l>^*<S>|,. ^raDKBIWy 

w t «-&»o«!«f zti%mmi&mt msm^mm. z a* 

[00 77] ffi«6Wr»»t-^<0^ltt. HER-2/neu 
& . y 7 h ^xriit < $AO-^>'7Vl'*^-r-^ £ t 

[ 0 0 7 S ] 

ETFOaMMi, LightCyclercO >J T;U^ -f A«?£PCR5-$ 

■oTrtsiGPfcfflifWPv i6*>i£*j6-*-*Jt«>fi:fTfcft. 

2.. 

DNA/;t 'J :f 7 7 l^f- h' 

b h^tTo— 7^^ ^XDNA*<PBR322tC1f 7*7 a— 
7'$ftS.&T^7*u-7**3J:l/7*7^v-ti, ?n- 

4MB. AimmtzMmtis. 

[00 7 9] 16HI13: 5' -GGGGATCCACTTCAGTATTGC-3 ' 
(SEQ ID NO. 1) 

16R19: 5' -GGGAATTCCATGGCTGATCCTGCAGGTAC-3' (SEQ 1 
D NO. 2) 

16HICS : 5" -GATCCTGCAGGTACCGATCGGATAGTGAGCGAGAGATAG 
GTAGGGATGGTTTTATGTAG -3' (SEQ ID NO. 3) 
ISCP913/640 : 5' -LC640-CTACCTATCTCTCGCTCACTATCCATC- 
P-3' (SEQ ID NO. 4) 

16p913: 5'-LC705-AnACATCCO3TACCCTCTTCCCCATT-3' (S 
EQ ID NO. 5) 

900fl6: 5' -CCATGGCTGATCCTGCAGGTA-3' (SEQ ID NO. 6) 
1300rl6: 5*-CCACTTCAGTAnGCCATACCC-3' (SEQ ID NO. 



7) 

16an913 : 5 ' -CTCGTCATCTGATATAGCATCCCCTGTTTTTTTTTCCA 
CT ACAGCCT CTACAT AAAACC-F I T C-3' (SEQ ID NO. 8) 

[0080] mx&m 

5' agfrlCRed 640T'5's/U$ tUz* 'J =f7 7 Y 
(Roche Molecular Systems^) \±, * V ^7 7 VJ^f- 
Y-&&tmmZtlZ>.5' S**LCRed 7Q5X'7^)l<Ztlfz 
UX-f- Y ( Roche Molecular Systems^ ) 

te. 7 5 x- h <o«J: -3 lz-0rf8jfcj&<nmiz* y zf? 

rux^Yizmzzix&.y ^fitc^/us^^u 

3jt?U*1-Y (Operon, Inc.ft) J4, HPLCTt»tSi$il 
[0081 ] KJE 

fi^OiSMDNAO n £ MRS: ^ttJ-T-S f*<OAly7f 

TVVfcHPV 16yyADNAS:ffioT^S^. HPV 16A 
laffiti, J«l*I#7*5>f v-fcEcoRiWHB*^^ r-£ 
IAL. i£r&]#7°5^ V-{ZBamHI$(J|5g^-9->f b £^ 
A^-SC:£k:J:oTf£a$l£;ri*:. PCRgifefi. P UC197"7 
75 Yiz®mz7v-=.y7'Zix&Zt<DTZ&J:oi,z 
HPV 167*77 5 H*»4>l|Mi$*i/i. 

[00823 mmiz, fi&fe&Wkmmpv \f>*-&tsy°? 

7 5 KDNA^^^S^A^JtPCRT-^'fV-^ffl^T^ 

iZmLtl. tktb&k* HPV 160tVA DNASr^-tfr^ 
7 5 HDNA**. PCRT^'f V-900F16*: 1300R16£ffl V>T 
flJW&hjfc. 16ICSii N ^VT'.MfcUtHPV 16c7)Pilg?E 

mm (iqs) BM^jft^ifefttciOT*?^ 
s^mro-rsg^^f h t tr ifi< . 7*v-f v-i6Ri 

9tl6HI13(i. «f^tCpUC197°77$ K{CAXE?'J£*(6] 
ttSr»oT-^7*7 o-^v^T'^ I. <t 5 (CEcoRIfc £W 
<uMWm&m*M h*mALt:t>C0X'$>&. i^v9?v 

^>Y-h^muLtzmm.iX'^c\ t zmm-?&tc#> 

(C s HPV 16«t JK16R19tl6HU3T7^-7-SrfflV> 
TlM<I$ii. ClixtcJ: i 3pUC197*77 5 H^fiO^fttt 

AXIQStHPV 167*57 5 HcO^^ 

1 ^l^'910 7 3h*-<?)HPV 167*57 5 FDNA*^ %A 

^?o^^ ^-7*Ix-hc^-a$iX7t.lilTc7)S^« 

j&£ft^mmmffi%ixtz. oamm 16^137*7^-?- 

tO.luH 16R197*7-f V-^j".:til6IQSr5^V-. 50 
mMhU7.pH8.3 (25*C) . 4.0//h«g-ft,"7j/*^'7A. 0.25 

mg/ml^lttl?f T;U7*5 >\ #200 //MOdNTP. KlenTaq D 
NA^'J^5— fe* 0.2 Units//* 1. l:3000^#S?t^SYBR 

GreenI (Molecular Probe^t) . AXHPV 16*3 ilttOSO 

mm<7)tz)t><Di&m.v-4 ^^mt. vyyfrzis&Zit 
htz^<mix:3am^r^9)V^A,tz\ mmrr^v^- 

Mi. 90*Cl#O^tti:55*C2#or--'J V7*i:78"C18 



Gel Nebulizers (Part No. 42600, Beverly, MAMcJ; 

eheim Bi0Chmicals *t)fc:J;oT«aBB^ 
£££££ r 125 *«"«**tt- 

ga^Wjzard Mini prepsf; J: -? T ^S? $ tit* fi***,* 
?2T^*?*** iUfc - »^900fl6tl300rl6 
f 0 0 84] AXIQStHPV ^ SSSri 

^22* « ffl:7D -7tt. «KSajoiQSp913i^{iHPv 
16^16p913^ t ^^HC^^ wy ;^; 

*^C|»S^. IQSp913(i. LightCyclerOf-^v 
^^ro- mS . 16p913{ ^ LightCyclei)^ 
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. imot 9 -r v-^r ( 9oof le/isoon 
aihpv letiQSEWorotfciEiKcvv^ 

13) FRETT^-t LTiJ< . HPV 16iR*r| 

J2^??T S7 D ~ r OCSp913) ^2«m^rn-y 
C 0 0 8 5 ] )g«4M»f 

22E£** Kfc ^^*$ 

tt****WR0J: 5fcft*S*ufc. 0 .4 900«6 

913^0 ^IJf 0 ^"^-'^ 0.3 16a„ 
l±mn^T ^ * M 16an913 LCRed705 

SSV- "J**^*^ 0.25 4* 
#20 ° ^^<7)dNTP, Taq DNAtfy*?-.* 
*mS;' y ^-^^S^l/HPV 16 WA&M 

[0 086] fS« 

izf^t^^-t*^** oT ^ ^ ** 

S^Ufe (1X103. 5X10« S 1x108, 5X107. • • • 1X1Q3) 
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pv i6fc*t LTiig^iiirc*^n<wNAaat:o*3iii 
pv i6cr>mn^mmms.it. ixio*. mo 3 . ixio«, ixio 

#4>hfrt>stM LtiWmm&fr t>W£2titz. ZiVfp 

ro-y bSfifcEIHi, -eix-e'ftOlQSiHPV 16 
CDiftKteis tt *> f%<Of/^ C. T . CD-f- ? :K-r y h <W 
%ffic9ffl|i«J £5* LT -?-ix-fixc?)iijKc7)IQSi:lxl0 4 
cOiRgcWV 16(CtJ»t«> :s F%TVU^C.T.T r -^.-K'f 

m^temt. ^-ohizm^-t^h^mm^ 

%<ki>4\sl1tffi-fhZkizJ;->X§tn.ZtiX^$,. «2 

[0090] ft®%mwmmm*$>e)y t Ji>fic.i.T ! -? 

fclog(T 0 ]£jm^Tjri£iVOvg,. tgigS&^. HPV 16fl 

[00 9 1] 
[*2] 



m 2 


I ogCo= 1 ogE ( @ n) + 1 ogTo 


®m 






%x^ — 


y=0. 2802X+5. 9347 
R 2 =0. 989 


1.91 


0.86x106 


1 0 • 


13.96 


y=0. 2872x+4. 9235 
R 2 =0. 9911 


1.94 


0. 84x10$ 


1 0 • 


16. 16 


y=0. 2826x+3. 9527 
R 2 =0. 988 


1. 92 


0. 90x1 


1 0 4 


10. 32 


y=0. 2944x+2. 9621 
R 2 =0. 9885 


1. 97 


0. 92x103 


1 0 3 


8.36 


y=0. 289x+1.8822 
R 2 =0. 9922 


1.95 


0.76x10 2 


1 0 2 


23.76 







[0092] Zitt><Dim?>Zti?ti<Dm<r>}miz. ¥W5^P£aj-f*:#>fcrft«$*u ywxomum 



(011a) , iQStf>ifcJT*«U»i, S^coMMnb*-^ 
•f-SitSr^. 0iibH{±, hpv lenom^^y^ju 

3X'&tiii*tlZ>kolZjjkZtlX^&. A%K73MSDN/U01 
Blffitt28lM ?/PT'— LX ^h. 011a fc llbc^f-'-? 

y *>w 3 \,zfr&-> x<h&*miELxhh« 

[0088] W&hmii^ b'-^^S^DNAi: ft£ftDNA 

o«Sdna##—cobi»&:3 b-jgcT'fc 0 i 3 tt<nm$L 
Offltea V-m^it-fZ %.mt,z&\ ->X (i , 
$it4. 012a-ctC. ?/U>-:7h<0W^ 
Soc^RjE^^ix^. ^ixefuORJSte, IQS 
tHPV 16<0HMii:tfcajOfcft<0«ffli:ro-7'**O. 

(Hft) i:HPV 16 (HA) #\ mmZ&z. 
m.&t>ilX\^$>. Zix^ixcrtm&X'. HPV 16«2«%J<OiS 

%immtfixwx'$>&. fi&yzs.mmz. m.%wmmm 

xlO 5 (012a) , <fc&*lxlO< (012b) . ©&#lxl0 3 (0 
12c) TftS. filfcJ:!.!:. I QSODNA3 b— ife(i:HPV 1 
6tfO10e (012a) *>>M/10 (012c) COKHT'fcS. 01 
2btC£ t^tlhi. O l/Z^ SWt M^DNAO«1JJ<0 3 h°- 

MOtt^-afcO (012a) t^(ilxl0^=5r*>- 5 ^'9 
(012c) -Tl>t, rt«3£»WH^'f ^;MB«iHPV 1 

6^-^^ ^ jumm^z jt^T . -€-ii-rix# ^ ^ o stut 

[0089] M^DNA ( IQS ) fcgiWDNA (HPV 16) <D 



t 
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-e ix?fi<r>*rv7Mza \ ^x dn a?ijk £ Rgj&ssftfeg 

[0093] 

^il^T^ V— fe ■/ hO^fflt „ COMMON 

7&«. «4>j^fc3H«UfcSJiaaHi*«K>-9-^7 , ;l'*^ ( 

ma. «WDHAiMtowffli<oiof^«/jN^^»«H"c 

*4rtf«-tf>R3S*5WkS-£*, i 1 1 J: 0 s fffift^ii 
tz. 

[0094] ±MicoMl±Fm* 0 a'* 9 H7n- 

e****-r4. jaT«5WCI4. FBETjJ-yrfj-r^loi-^r-' 
[0095] W> 

^fMzmrSKiy^i-JU-haJLTJl-zfVX^m^^X^M. 

itx'$z>ztzm,w-r&. ftsw&2*«!jtfs^*x 
0<7>*<7>i£X'jEmz9ig.T$<&. z<7)jfm±. mum 

[0096] 2*fiitfE^>-XxA<7)^ =f)V 
h hp533lg ; F£7)>'y^^^U^-^-K^.Stt (SNP) fi 
(GenBank Accession #U94788) gffli: LT 

;Hr>1f— TO- y ( 5' GTTCCTGCATGGGCGGCATGAAC-F (S 

eq id no. 9) ) z&m-r&z tizx. *)*imx'*>&. mz. 
Tm{i7o°c-cs>i» . mmz5m$mi?Fi<zj\4 -rvy^x 

LfztZli. 7u-7<?>5'mfrti>imB<?MmXGH$A 
•?-yJ-tf±t&Zbl,z£ 0TD-y<7)Tm(j62 <, CtC;>-7 h 

[009 7] Cc7)-fe>-^-ro-y(i;, Ktt&OG&S 

*«S^-tl)^3terS3t«S« (Crockett and Wittwer, Anal 
Biochem. 2001, 290(1) :89-97#E) (Cj; 9i£&T*SNP 

7-i-foV/£JlC&^ LightCycler<7)Flf-r X*/HCgai£ 



LT5'*f fcLCBed 640X'?'<-tl>Ztlfz 1 g®7° 
O— 7* (5' 640-GGAGGCCCATCCTCACCATCATCACACTGGAAC 
(SEQ ID N0.10), Tn^C) fc^rfcrSfl*.! i: 

^COFRET^rTn-yv-XxixtiS^^^-fl: 

[0098] &momm 

5" GCGCACTGGCCTCATCTT (SEQ ID NO. 11) (Tm=62.9*C) 
t&ftZTyj "7— 5' GGTCAGCGGCAAGCAGA (SEQID NO. 
12) (7m=62.6°C)$:m^tcPCMZ£->XimZtlfc. mW> 

[0099] mmmmm 

%.fSM-&%a\i. DNA (20003 1— /10 Atlh KlenTaqg^ffi 
(0.8 U/10 jul), TaqStartiJMfc (0.088 /zg/10 julh 0. 
2 mM dNTP. 3 mM^*i^ ^V&^felxPCRA.y :? 
r — (Idaho Tchnology Inc., UT) „ 0.2 pMTVi] — 7° 

m% 0 . £ <7)*0^oig^-ftr9- VTyWi^lcoMWf 
-i?ffi«it$:4-i..|»cOT\ ±1(7)70-7^^1.* 
g{i^rV-> 0 faS^-f 9)V<ry^\t. 94°C (^fif^JK<i20 
°C/#\ 0^S«») . 56"C (»ffafflEJ420rc/». 5#H 

■i ■P^LtzWt:. 94X;T-9-y7VP5-^ttU0 < 'CTr--U 

>^ tiaK^tTjaso. ?cmxttmM*wm-& £ t 
mzwmztih. znm&x-ztzMmmT-? <si6 

ai:16clcMAilf5^1t5O:5O<3D0lJ, 017atl7c(C^Sji 
1~>VKUJL (TMBSP ) V7 h>7xrT'a:«S«f$iX. tt± 

^S^lftaN-iJtftfc, *6ltc»»ilM»x-^tiftol 
E«»*ri:4£fcfc:J:»)Bt»ir-^r-^ (Hl6bi:16d 
(^^^31(5^50:500^. 017bi; 17dt=Sfi3ie^it9 
5:5O0ilSr^-r) JcS8ft$ii4. -?-tf0f^. ^cox-^ti 
WtCffiaL^ioteLCDAV^h^XT (Roche Molcula 
r Biochemicalstt) Oi^ ; 5ry7FWJffl^-CW 

[0100] ^TJ^x/KC^-pX (TMBS 
P) T/W^UXA 

mn<v-?*7 7i7~>3 y*it%i-&tzfr<?>f&7]¥mMz 

WlZ&m-t& t b t (c/MgH7- 'Jxq&- K t 
*(DJ-{X$:m&-tZ>c\t{ l ZZir ) 'nlDixh. SSTl^x 
yHiGibbscoS-^feeix^^-tca-^v^iiO , H 
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5. i<^IO^ffitf5ffHi, ^Hm^FflS 5,273,632,5,74 
8,492-^tm5,346,306-f-tCfti>. *ISM^(?)^^ 
<4. fef «7X7 5 ? •/ 3 y^-^fl, tftcoMt L 

[0 102] 2oBC, mfi<?>Sfl?J4-Jgfclot*»Ba<j 

tfSBMWB 5,985,120^tC&§. *HBfi^?3i£J4 r— 

[0103] 30BC. -r^'^^v-^/WJaS^fflV-'^ 
iamffi0ftffi{4, *BMHfttt 5,906.919*1-. SS5.912.165 
316,066,459^% ^6,054,268^25^4 d 

*tt«fc:Lfcfc<OS:»*r*-*a\ *fc«#IHM*F» 6,0 
54.268-i9-£rt:{43l6,268.131-§-<7)4 ha 

[0104] 40lfc. *ffl«ff3l 6,221,600^4 7 
&PCR£ i> k (c L/cJSffl(37 f > ; ^;Uv-^UiDX^ffiffl 
L^IUfuO&*(4. S*fc¥*T>H&ttJHU8:l,*. 

[0105] ^ISBJte, IWftfiW^^-^-cO-fe -y 

^mMnkm/^h. 

[0 106] TO7-'JX^i (DFT) ^m^tifi?? 

[0107] dft {4, mmtwtvmtzi&Bzzit&titotz 

(4. &mm%m<r>&i£ ) L > frzx'mMm%:m$i£m-t. m 
mm^-i-A-ifmk^i^k. fcrxo^-yxaa 

<4 

[0 108] 
[5U ] 



/0-)=2>(*)e 2 **' 
t=—> 

[0 109] 
[3*2] 



$»g (k> (4f (t> comm y-v x«rt* h . ztiz'tico 

[0110] 
[5S3] 

«(*)-- W) e 2 ^Vr 

[0111] sagfcUU iftfe^S^O^IWfctflWn 
COS J X&mLX^$>cr>Ximktf%:^. DFT{4. .MX 

fc K4 9 s^TVk^ s 4 xzm&thWM&jm-*:* 
ti. k'-ht>w;4Xizttm-rz><mx\ t'*>^*^x 

[0112] »1s^3tt£ft*3ilfT^4fctf>K:«fc:i: 
o. {lS'J7-ux^g:c7)^SSc^»{4, WftfaxoT 

[0 113] 
[5*4] 

[0114] i/y j t-iv*0)y4X\z/hz\ l \k®fet& 

k. S 4 XSr?I*-r^*jiT-^^?j&(4. <I<7>:|*tt£ 
tt^DFT<7jfS^£+#K&^-i )< rtT'£>&. -tit. 

I s(K) I <aT'£>o*;£>g(k)=0&C-te>y h-tt. fcU 
( cr ) #-fe'u fc-fe -y h £ ixX wfc v ->{l«fj 7 - V x^Stco-t 

[0115] 
[5S5] 

Xfo 0 . -eix<4Jax$ ft*: isfl-^mi&co isfi-frk 
i5J6L-0^£^7#tt£ko. 
[0116] 
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[5t6] 

II At)- 2>(*> e2 **H 

;UtT-^0/h$^r-tr -y h %m&tfh&. 
6. 

[0117] f&h^fiV 

[0 11811, 2 NT*^^U$iXJt, ^<<0*K 

OS^Hi**i. t> Ui COtfiSJgcDBSfti; LTttWi 
OGibbs<7)g&x*/^-T'&Si: Lfc4>, Clii£><7)% 
»OS^<7)Gibb S Og 

[0 119] 

[*m 

[0120] mmm^-i-Mi^ fesoGibbsois 
^i-Mtsm\,z^iifth<ryx\ tf«i 

ft. ap*>T(f)Tf(i^»»^^;Ut LT#^.SCfc 
[0121] Gi(T)«AS6^. WKfflS^tcifiV^MC 
*T*4. iS*«f<0WftT*)S«0-C. T(f)T-Gi(T)$r^ 

riw-i ; t m\t>mit<m%LX'hh - 1 Sr^-r 4 . « 

T-igjg 

f r (T) HK»fltt(OiS«Snfc*3K 

p,(t> -T--v>7mx'<7)m3£z*k-t3mmm 

ft 

p 2 (t> -nMHaTiosatsrs^ma^flise 

Mj(T) -Mm LtlW <OWft ; M 3 (T) =0te«j j&*T 
ttixyvfis^ y 

[0129] m$mz, ztiz'ticommtfi^-r-icox 



mz. Gut<m%m&x'*>2><?)x\ *misn<vmcc*> 

[0122] zixbnmmfrWcm&bmBmi 

[0 123] 
[:£8] 



b^ott ffMZ-t h^btfX'thZb *fti*i83 fL 

[0 124] «3HW»5^-?VPfifcf. li at*£Ml. s 
<W§.t:b->tib LXi> &T<v S ftBBft & «/MRtC"T 4 i 

t k «k o if«7^ 75?y 3 v ^aoMiaq* & 



[0125] 
[*9] 



£ , |/^-Z^(7')||rf7' 



[0126] SEWftjfiM 

#bs ) Tii*«mzftwmx'h h t v * 3 mm\zm^\ ^T 
[0127] awn^^/wcia«-r*/s«>(c«, £t<t> 

[0 128] 
[*U 0] 



[0130] fUft£fr*:Rm£^^;^^SI^ir£ 
v^y YcD-xmt^z 7— 7 b Zklztmizm^ v * 4 
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TV \t if . Hi (T) b v ^ o g^tifc * < j fc*tr 6 7a- 
[0131] 



min £(m,.,cr,7'.) = f 



[01333 r^^uXAayicD^ffSo^o-f-^— 
Hl8t;:^$ fix \^—m±.<r>im&T>v-J y 

[0134] T<mr>com\t. it<0*»K)if5:I-5 



rj > tf&ofrh. *lx. mwm&mfzthKy 

777y3y%> M r )comm i bn i cDfflMi§i&b~?2.y 
[0 13 2] 

[5U 1] 



6. 

[0135] 

)VMT. (TMBSP) St(2)LCDA77 h^T^ffl^SSfB 

K-rmfcimmmzm^x < raj*j tu-c) 

rh**<, &xnft&mEttw&ni,x%t>ixh. * 
<m\t. x^mbX<^wcLti. mm^-^mmitmm 

Officii. afiH^®M0%1^90^T<OSftffrTFRET^ 
rrn-rSrfflV^i: %<WA§L>i\h («3) . -fe^ 

^/i^bweift (Hi6b, 17b) cox\ zntmizm 
m * it i> lcda v 7 b jLTamm t- ? isatjt * ant$r 

t^tz. LCDAY 7 h^xrti. &B?F®ftWWVfmT<) 

m±x'Ltkiax'^t^fc. 

[0 136] 
[513] 



t«4] 



S 3 














TMBSj»tf 


©A2>®I# (%) 


oMmomn (%) 


0>ttJ2l (%) 


2 




2 


5 




5 


1 0 




1 1 


2 0 




2 0 


5 0 




4 9 


8 0 




7 8 


9 0 




8 5 


9 5 




9 2 


9 8 




9 4 



(?1 9) 103-180378 (P200 3-p!:78 



ik 4 














TMBSfBff 


©ArtMtt (%) 






2 




3 


5 


— 


7 


1 0 


7 


1 4 


2 5 


1 6 


2 4 


3 3 


2 9 


3 4 


4 0 


3 3 


3 9 


5 0 


4 7 


5 2 


6 0 


5 6 


6 1 


6 6 


6 7 


7 0 


8 0 


7 8 


8 0 


9 0 




8 7 


9 5 




9 2 


9 8 




9 5 



[0 137] ffi*ttfcA*tt«DlSI<Oj!^A*. TJjffifcfcf 
LTTa-yh$ix§ (019) . avHcfc^T-fe'oJi, ffi 
^3<i t A^ffi* i ^(;-g^-.S. ^ i; fcjjrf . TMBSPft Sr 
J8v>fcJbattfcA*tt«0ffl*>it\^i % WO. 15 <fj*H 
ffiH=2.4) T&995^^K«liHfn£-&tf. ClixliT 
MBSPT;P3' 'J XMzX^Xft 6*uHtMiffiV VOWS* 

C 0 1 3 8 ] m 

tz^^VWL (TMBSP) TiUzfy XAiffl^t^fC 
CiO. A^filS^'tJioTv^v^^M^.^. PCR 

ay z -ttsm* %&mzmmx'h ht^thtix^z, 
i)K znhw^x^m&t,mmtnzcmvim<7)mmz 
**)®mx'$>^tz. 

[0139] PCRTyJ V-te. B flfcoa&f-gOSW 
Ob P -C*>£fr\ **U»)*<TfcJfi<T4>J:v*. 

mmhtix^h®mm»htih. i*&& 



x-Wi-smmwtmztL&ztte*^. &ti, ma?® 

ytii7*»4>i9<s*^«§-cS) o . mammcov&m<o 
sx^-y^texv/ttziimmcoxiktemMiMim <t«> 

£lO*>>£>12°C^:7h;*-i+.g>„ **>i3$rfK£ttKBI*)SE 
•ffcte-k 0 . Sl^k «i*<^ll«J4»5rftT«^ ftoi o iz 

[0 1 4 0 ] H09T(4, 0.1*»4>0.2 ^MOT^^-i: 

mffitz&m%m<7)imz&tsiQ uicopaim.^m'p^ 

[0141] PCR^, R ttt^tf>R-&»£*tr0-:'' 

m8£te^xmtto&MVTzmtitk-t&&&it%\*\ pcr 

Ifeft*^, TMBSPT^^'JXA(±ii-^$ix^i?4Sem^ 
$iX7tJtl.5$-^o. 

[ 0 1 4 2 j m 

WHO mimc3h\± » PCRcOttrtC-f V 7VI^DNA(7)fi*<WS5 
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gcorn-X-te >y hhl-pac0M^i:^:<|5lt*c7)^ 
[ 0 1 4 3 ] #J9 

rnix-msLtimz. $ &K*i6Ki»i£&77i'=f uxa 
(i¥ffl{i(5ij6) zm^&ztizx^x zvmmkzti 

TOZ-X'hoftljtfmiirmcr)*.) m£m~r> 

Mzm^tytiZ. *ftW4Si.Ji. WiTHJSfifcSx. 
[0144] flano 



^r/UCg^K isf^M&I. (TMBSP) T/^'JXAS: 

iSffl-r £ i: tsst*# s i fc s-fitgrc-* . 

[0145] b hHER-2/neuSg^i:^;*. 

J«-6fflSi|«0PCR&fflv^T*i«$ii, WlOXn-XSr 
fflvvr I£&¥^^m>ix& . Xo-XJiLightCyclertf) 
^iij^ y ^^loT'M^Wii^oeiai^t't 4 i 

T*4J:3K»fir4lMlf«* (Tm) «4CJ±, L 

CRed 640T5^l'£iXfcHER-2/neuXQ— X^m**64*C 

4. #BI»fW& 6,174.670^-^ti. ^-^r^fvrn 
-X(iCy5f7<;W$iXfeL"K-^-7'a-XT'S) 0 , T 
m{i^74-CCJb-g) i:ta*$ixT V>6 (^H^ft^, 174,6 
70-S!- SEQ ID N0.3i:SEQ ID NO. 4) . m£MWMfrt>CD 

miz&t&tzMzm&mm£iPXT)^v xmz£-?xm 
T^f-ycojt*^ m±w.mmz&^x\.ob vtzit^m 

<?)*W2olU±Ol£&%«#5£*£iT.£> Z k if^mxh 

[0146] x^mftmzwm-r&zkX'Pmizft 
wzmwLxztitf. z <nw& iiss&Ltzi) <o^m l 
fc *> <o t . OT«oft*«tiea t sit t ± 0 izftBjfr 

[0 147] 
:nce listing 



<;110>; University of Utah Research Foundation 

Idaho Technology 
<;120>: REAL-TIME GENE QUANTIFICATION WITH INTERNAL STANDARDS 
<;130>; GA02O591 
<:140>; 
<;141>: 

<;150>; US 60/316614 
<;151>; 2001-08-31 
<;160>; 12 

<;170>; Patentln Ver. 3-1 
<;210>: 1 
<;211>; 21 
<;212>; DNA 

<;213>; Artificial Sequence 
<;220>; 

<;223>; Inventor: Eyre, David J. 
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Inventor: Rasmussen, Randy P. 
Inventor: Caplin, Brian E. 
Inventor: wade, Stevenson 
Inventor: deSilva, Deepika M. 
<;220>: 

<;223>; Synthesized sequence for cloning. 
<;400>; 1 

ggggatccac ttcagtattg c 

<;210>; 2 
<;211>; 29 
<;212>; DNA 

<;213>; Artificial Sequence 
<;220>; 

<;223>; Synthesized sequence for cloning. 



<;400>; 2 ^ 
gggaattcca tggctgatcc tgcaggtac 

<;210>: 3 
<;211>; 59 
<;212>; DNA 

<;213>; Artificial Sequence 
<;220>; 

<;223>: Synthesized sequence for cloning. 

gatcctgcag gtaccgatcg gatagtgagc gagagatagg tagggatggt tttatgtag 59 

<;210>; 4 
<;211>; 27 
<;212>; DNA 

<;213>; Artificial Sequence 
< * 220> " 

<';223>'; Synthesized sequence for detection of internal quantification stan 

dard. 

<;220>; 

<;221>; misc_feature 
<;222>; (l).-(l) 

<;223>; 5'-LC640 Fluorescent label 

<;400>; 4 ^ 
ctacctatct ctcgctcact atccatc 

<;210>; 5 
<;211>; 27 
<;212>; DNA 

<;213>; Artificial Sequence 
<-?20>' 

<; 2 23>; Synthesized sequence for detection of artificial HPV 16 sequence. 
<;220>; 

<;221>; misc_feature 
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<;222>; (D-d) t , . , 

<;223>; 5'-LCT05 Fluorescent label 

<;400>: 5 27 
attacatecc gtaccctctt ccccatt 

<;210>; 6 
<;211>: 22 
<;212>; DNA 

<;213>: Artificial Sequence 

<&>\ Synthesized sequence for cloning. 

<;400>; 6 22 
ccatggctga tcctgcaggt ac 

<;210>: 7 
<;211>: 22 
<;212>; DNA 

<;213>; Artificial Sequence 
<-220>; 

<';223> ; Synthesized sequence for cloning. 

<;400>; 1 22 
ccacttcagt attgccatac cc 

<;210>; 8 
<;211>; 59 
<;212>; DNA 

<;213>: Artificial Sequence 

<';220>; . etection of internal quantification stan 

<;223>; Synthesized sequence for detection 

dard and 

artificial HPV sequence. 

<;220>; 

<;221>: misc.feature 
<-222>; (59).. (59) 

<-223>- 3'-fluoresein Fluorescent label 

^ «— — * 

<;210>; 9 

<;211>; 23 

<;212>; DNA 

< ; 213>; Homo sapiens 

<;220>; 

<;221>; misc_feature 
<;222>; (23).- (23) 

<;223>; 3'-fluoresein Fluorescent label 

<;400>; 9 23 
gttcctgcat gggcggcatg aac 



<;210>; 10 
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<;211>: 33 

<;212>; DNA 

< ; 213>; Homo sapiens 

<;220>; 

<;221>; miscjfeature 

<;222>; (D-d) t , . . 

<;223>; 5' -1X640 Fluorescent label 

<;400>; 10 

ggaggcccat cctcaccatc atcacactgg aag 

<;210>; 11 
<;211>; 18 
<;212>; DNA 
< ; 213>; Homo sapiens 

<;400>; 11 
gcgcactggc ctcatctt 

<;210>; 12 
<;211>; 17 
<;212>; DNA 
<;213>; Homo sapiens 
<;400>; 12 
ggtcagcggc aagcaga 



33 



18 



17 

^61 HPV 16 r^^^ONA «™«*J£ 
[SIlHPV 16 (=^*«*W» WVttWW- 

™ .,»<»• 5x10' (4): < 5 >' M< * (6h 



(24) 

2c ) -CJ)2> . K_»^St^^« 

JW5U6!:. ^ 6 ^^i JiwX(aA) - wl 



)0 3-l80378 (P2003- 
o'<. 

IB21 



[H31 



(£5) )0 3- 



1 80378 (P2003 
[H4] 




HQ 4. b 

B 3b 



IH5] 



imi 1 3 



g 5a 





m 5 b 



§i#<&*M& (Fi> ' 



5 c 



i£»ooe 




1 1 a 



O.OI4 -i 
0.012 4 

0.006- 
0.004 - 
0X02- 
04* 
-O.OC2 



|5 J b 5 30 22 a* 2S 28 w 



20 30 40 

B i 1 b 
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[06] 



16 iS 

P 



o| 



ol 



II 



<l h: 



O 



O 
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in 
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16ICS 



16RI9 



16HI13 
16HH3 



[®91 




900H6 16 P 913 



XXHPV16 



pTTTTTTl ESSS±>aS3 
tCSp913 I6an913 
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[Hi 0] 



3?- 





m 














o 














o 
































• 




i 




i 



25 



30 



[HI 2] 



[014] 






^ — 1 







10 20 30 



[013] 



o 0.1 o.2 as 0.4 0.5 0.6 



[HI 5] 



(WT/M) 




0.05 



Sit 



100 




45 50 55 60 65 



3tHett©St> (ACT) 
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CHI 6] 




50 60 70 BO 90 

CO 

01 6a 





-d(F2) dT 




(X) 

m 1 6 d 
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REAL-TIME GENE QUANTIFICATION WITH INTERNAL STANDARDS 

BACKGROUND 

The polymerase chain reaction (PCR) is a technique of synthesizing 
large quantities of a preselected DNA segment The technique is fundamental to 
molecular biology and is the first practical molecular technique for the clinical 
laboratory. PCR is achieved by separating the DNA into its two complementary 
strands, binding a primer to each singje strand at the end of the given DNA segment 
where synthesis will start, and adding a DNA polymerase to synthesize the 
complementary strand on each single strand having a primer bound thereto. The 
process is repeated until a sufficient number of copies of the selected DNA segment 
have been synthesized. 

During a typical PCR reaction, double stranded DNA is separated into 
its single strands by raising the temperature of the DNA containing sample to a 
denaturing temperature where the two DNA strands separate (i.e., the "melting 
temperature of the DNA") and then the sample is cooled to a lower temperature that 
allows the specific primers to attach (anneal), and replication to occur (extend). In 
illustrated embodiments, a thermostable polymerase is utilized in the polymerase 
chain reaction, such as Taq DNA Polymerase and derivatives thereof, including the 
: Stoffel fragment of Taq DNA polymerase and KlenTaql polymerase (a 

5'-exonuclease deficient variant of Taq polymerase ~ see U.S. Patent No. 5,436,149). 

The years 1991 to 1998 have seen a 10 fold increase in the number of 
papers using quantitative PCR methods. One of the major reasons for this increased 
use of quantitative PCR derives from the fact that PCR has a sensitivity five orders of 
magnitude better than the best blotting procedures. This sensitivity makes PCR as a 
quantitative tool highly desirable. However, the use of a system undergoing 
exponential amplification is not ideally suited to quantification. Small differences 
between sample sizes can become huge difference in results when they are amplified 
through forty doublings. 

Kinetic PCR 

A typical PCR reaction profile can be thought of has having three 
segments: an early lag phase, an experiential growth phase, and a plateau. The lag 
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phase is mainly a reflection of the sensitivity of the instrument and the background 
signal of the probe system used to detect the PCR product. The exponential growth 
phase begins when sufficient product has accumulated to be detected by the 
instrument. During this "log" phase the amplification course is described by the 
equation T n = T 0 (E)n, where T n is the amount of target sequence at cycle n, T 0 is the 
initial amount of target, and E is the efficiency of amplification. Finally, in the 
plateau phase, the amplification efficiency drops off extremely rapidly. Product 
competes more and more effectively with primers for annealing and the amount of 
enzyme becomes limiting. The exponential equation no longer holds in the plateau 
phase. 

Most of the quantitative information is found in the exponential cycles, 
but the exponential cycles typically comprise only 4 or 5 cycles out of 40. With 
traditional PCR methods, finding these informative cycles requires that the reaction 
be split into multiple reaction tubes that are assayed for PCR product after varying 
numbers of cycles. This requires either assaying many tubes, or a fairly good idea of 
the answer before the experiment is begun. Once the position of the exponential 
phase is determined, the experimental phase can be compared to known standards and 
the copy number can be calculated. 

Competitive Quantitative PCR 

Competitive quantitative PCR methods were developed to attempt to 
overcome difficulties associated with finding the exponential phase of the reaction 
and to obtain greater precision. A competitor sequence is constructed that is 
amplified using the same primers as are used to amplify the target sequence. 
Competitor and target are differentiated, usually by length or internal sequence, and 
the relative amount of competitor and target are measured after amplification. If the 
target and the competitor are amplified with equal efficiency, then their ratio at the 
end of the reaction will be the same as the ratio had been at the beginning. This holds 
true even into the plateau phase as long as both decline in efficiency at the same rate. 
Thus, finding the exponential region is no longer a problem. Providing standards in 
the same tubes with the unknown targets allows for additional control not possible 
with kinetic methods. For example, adding the competitor before mRNA purification 
would control for variations in sample preparation and reverse transcription. 
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The use of currently available competitive PCR techniques continues 
to suffer fiom several deficiencies. Firstly, the competitor sequence must be 
constructed to be as similar as possible to the target sequence with regard to the 
efficiency of amplification, yet the two sequences must be distinguishable from one 
another. If the competitor is too close in sequence to the target, heteroduplexes form 
during the PCR that skew the ratio of the product to the template. 

In addition, competitor must be added to the unknown sample at a 
concentration approximating that of the target. If one product reaches plateau before 
the other rises above background, no quantitative information can be obtained from 
that sample. Usually an unknown sample is split and mixed with multiple 
concentrations of competitor. 

Other concerns have been raised regarding competitive quantification 
methods. A common criticism is that despite all efforts, the target and the competitor 
together in a sample may be amplified at different efficiencies, even if target and 
competitor are amplified at the same efficiencies when amplified separately (the 
obvious control). When the target and competitor are combined in one vessel and the 
reagents arc limiting, the efficiencies of the two amplification reactions may change at 
different rates. Length differences between target and competitor are of most concern 
here as the longer product may compete more effectively with the primers and may be 
more affected by reagent limitations. Both of these concerns could be addressed by 
making the target and competitor sufficiently alike, if it were not for the problem of 
forming heteroduplexes during the PCR reaction. 

Real-Time Quantitative PCR 

Developments in instrumentation have now made real-time monitoring 
of PCR reactions possible and thus have made the problem of finding the log phase of 
the reaction trivial. 

Thermocycling may be carried out using standard techniques known to 
those skilled in the art, including the use of rapid cycling PCR. Rapid cycling 
techniques are made possible by the use of high surface area-to- volume sample 
containers such as capillary tubes. The use of high surface area-to- volume sample 
containers allows for a rapid temperature response and temperature homogeneity 
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throughout the biological sample. Improved temperature homogeneity also increases 
the precision of any analytical technique used to monitor PCR during amplification. 

In accordance with an illustrated embodiment of the present invention, 
amplification of a nucleic acid sequence is conducted by thermal cycling the nucleic 
acid sequence in the presence of a thermostable DNA polymerase using the device 
and techniques described in U.S. Patenl No. 5,455,175. In accordance with the 
present invention, PCR amplification of one or more targeted regions of a DNA 
sample is conducted while the reaction is monitored by fluorescence. 

The first use of fluorescence monitoring at each cycle for quantitative 
PCR was developed by Higuchi et al., "Simultaneous Amplification and Detection of 
Specific DNA Sequences," Bio. Technology, 10:413-417, 1992, and used ethidium 
bromide as the fluorescent entity. Fluorescence was acquired once per cycle for a 
relative measure of product concentration. The cycle where observable fluorescence 
first appeared above the background fluorescence (the threshold) correlated with the 
starting copy number, thus allowing the construction of a standard curve. A probe- 
based fluorescence detection system dependent on the 5'-exonuclease activity of the 
polymerase soon followed. This improved the real-time kinetic method by adding 

sequence specific detection. 

Alternatively, PCR amplification of one or more targeted regions of a 
DNA sample can be conducted in the presence of fluorescently labeled hybridization 
probes, wherein the probes are synthesized to hybridize to a specific locus present in a 
target amplified region of the DNA. In an illustrated embodiment, the hybridization 
probe system comprises two oligonucleotide probes that hybridize to adjacent regions 
of a DNA sequence wherein each oligonucleotide probe is labeled with a respective 
member of a fluorescent energy transfer pair. In this embodiment, the presence of the 
target nucleic acid sequence in a biological sample is detected by measuring 
fluorescent energy transfer between the two labeled oligonucleotides. 

These instrumentation and fluorescent monitoring techniques have 
made kinetic PCR significantly easier than traditional competitive PCR. More 
particularly, real-time PCR has greatly improved the ease, accuracy, and precision of 
quantitative PCR by allowing observation of the PCR product concentration at every 
cycle. In illustrated embodiments of the present invention, PCR reactions are 
conducted using the LightCycler® (Roche Diagnostics), a real-time PCR instrument 
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that combines a rapid thermal cycler with a fluorirneter. Through the use of this 
device, the PCR product is detected with fluorescence, and no additional sample 
processing, membrane arrays, gels, capillaries, or analytical tools are necessary. 
Other PCR instrumentation, as known in the art, may be used in the practice of the 
present invention. 

SUMMARY OF THE INVENTION 

The present invention is directed to a nucleic acid quantification kit 
and method for determining the initial concentration or mass fraction of a target 
nucleic acid present in a sample. More particularly, the present invention relates to 
the use of real-time competitive quantitative polymerase chain reaction (PCR) and 
fluorescently labeled oligonucleotide probes to monitor the PCR reaction in real time 
to determine the copy number of a target nucleic acid sequence in a sample. The 
method of determining the copy number of a target nucleic acid present in a 
biological sample comprises the steps of combining in a single reaction vessel at least 
a portion of the biological sample, a thermostable polymerase, a known amount of a 
competitor nucleic acid sequence, a pair of oligonucleotide PCR primers, one or more 
oligonucleotide probes, initiating the PCR reaction, and conducting real time 
monitoring of the reaction and/or melting curve analysis. 

In an illustrated embodiment, the competitor nucleic acid sequence is 
prepared to have the identical sequence as the target nucleic acid sequence with the 
exception of a unique section located at an internal position on the competitive 
nucleic acid sequence. The unique section has the same overall nucleotide 
composition as the corresponding region of the target nucleic acid sequence but 
having a substantially different sequence from the corresponding region of the target 
nucleic acid sequence. The term substantially different is used herein to mean that a 
probe complementary to the unique region of the competitor will not cross-hybridize 
to the corresponding region of the target nucleic acid sequence above background 
levels under the reaction conditions used to conduct the PCR reaction. In one 
embodiment, the unique region has a randomized sequence relative to the 
corresponding region of the target nucleic acid sequence. 

In another embodiment, the unique section of the competitor nucleic 
acid sequence differs from the target nucleic acid sequence by only one base pair , 
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similar to a point mutation. In still another embodiment, the unique section of the 
competitor nucleic acid sequence may be quite a bit different from the corresponding 
region of the target, varying in length and/or composition, but the competitor and 
target nucleic acid sequences are amplified with essentially the same efficiency. Such 
amplification efficiencies can be detennined based on CG content and routine 

experimentation. 

The anchor probe is configured to hybridize adjacent to the unique 
region of the competitor nucleic acid sequence and adjacent to the region of the target 
nucleic acid sequence corresponding to the unique region of the competitor nucleic 
acid sequence. The. competitor probe is configured to hybridize to the unique region 
of the competitor nucleic acid sequence, and the target probe is configured to 
hybridize to the region of the target nucleic acid sequence corresponding to the unique 
region of the competitor nucleic acid sequence. Accordingly, when the anchor, target 
and competitor probes hybridize to their respective complementary target nucleic acid 
sequences and competitor nucleic acid sequences, the donor fluorophore and the first 
acceptor fluorophore as well as the donor fluorophore and the second acceptor 
fluorophore are placed in a resonance energy transfer relationship. Therefore, the 
measurement of fluorescence from the acceptor fluorophore can be used to determine 
the relative concentrations of the target nucleic acid sequence and the competitor 
nucleic acid sequence. In illustrated embodiments, the first fluorophore and the 
second fluorophore both accept energy transfer from the fluorophore donor, but the 
two acceptor fluorophores emit fluorescent energy at different wavelengths. Thus, the 
concentrations of the target nucleic acid sequence and the competitor nucleic acid 
sequence can be measured at the same time. 

In still another embodiment, a single-labeled oligonucleotide is used 
and the desired information is obtained through melting curve analysis. 

Another aspect of this invention is a method of quantifying the initial 
target nucleic acid sequence concentration based on the cycle shift between 
competitor and target. Provided that the efficiency of amplification is essentially 
equal for target and competitor, logC 0 = logE(An) + logT c , where C 0 is the initial 
amount of competitor, E is the average efficiency, An is the cycle shift between target 
and competitor, and T 0 is the initial amount of target. Because this equation has the 
form y=mx+b, a plot of the initial competitor concentration versus the cycle shift 
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between competitor and target will yield a line with the slope equal to the log of the 
efficiency and a y-intercept equal to the log of the initial target concentration. Since 
the competitor may be provided in a variety of known initial concentrations, the initial 
concentration of the target may be determined with relative ease. 

One particularly useful appbeation for DNA quantification may be in 
determining the genomic equivalents of particular viruses in any given clinical 
sample. Several viruses exhibit their pathological effects at various stages of their 
replication cycle, and the amount of virus in host cells can serve as an indicator of 
infection progression and prognosis. 

In yet another aspect of this invention is method of determining mass 
fractions of first and second target nucleic acids present in a test sample, said method 
comprising the steps of contacting the target nucleic acids with a fluorescent nucleic 
acid indicator, the indicator being configured to provide a signal related to the 
quantity of indicator hybridized to the target nucleic acid, the indicator further 
configured to discriminate the target nucleic acids based on melting temperature, 
illuminating the test sample, monitoring fluorescent change to generate a melting 
curve, and using a thermodynamicaUy based signal processing algorithm to determine 
the mass fraction of the target nucleic acids. The internal standard may consist of an 
artificial competitor or an endogenous allele that is different from the target nucleic 
acid sequence by one or more bases. If a known amount of the internal standard is 
added to the sample, then the initial copy number of the target nucleic acid sequence 
can be calculated from the mass fraction or ratio against the known amount of internal 
standard. Particularly useful applications for this type of quantification may be in 
determining allele frequencies in pooled population samples, monitoring differential 
allele expression in various cell and tissue types, monitoring gene amplification, or 
deletion, using unbalance of copy number against the copy number of a pseudogene, 
and assessing the ratio between different cell types in a mixed tissue sample, such as 
in margin dissected tissue samples from cancer patients. 

Additional features of the present invention will become apparent to 
those skilled in the art upon consideration of the following detailed description of 
illustrated embodiments exempufying the best mode of carrying out the invention as 
presently perceived. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a diagrammatic representation of the mechanical and optical 

design of the LightCycler®; 

Figs. 2a-f are diagrammatic representations of the various fluorescent- 
based methods of detecting amplification products. Figs. 2a-b represent detection of 
amplified products by double strand specific dyes. Figs. 2c-d represent the Taq Man 
strategy wherein synthesis of the amplified product results in donor emission. Figs. 
2e-f represent the hybridization probe method wherein two separately labeled probes 
hybridize to adjacent regions of a nucleic acid sequence resulting in fluorescent 
resonance energy transfer; 

Figs. 3a-b represent typical external standard curves using 
hybridization data. Fig. 3a is a plot of the log fluorescence ratio vs. cycle number. 
Fig. 3b is a plot of the log copy number vs. the second derivative maximum; 

Figs. 4a-b represent a typical standard curve generated by plotting 
fluorescence vs. temperature (Fig. 4a) and the derivative of that curve plotted against 
temperature (Fig. 4b), with homozygous mutant (- • • •), homozygous wild type (- • 

— ), heterozygous mutant ( ), and no DNA ( ); 

Figs. 5a-c represent melting analysis of several nucleic acids. Fig. 5a 
shows melting peaks generated from a melting curve. The area under each curve is 
calculated using non-linear regression to fit the melting peak data to a Gaussian curve. 
Fig. 5b shows various amplification curves on a log fluorescence vs. cycle number 
plot. Fig. 5c shows the data from Fig. 5b converted into a logCo= log E (An) + logTo 
curve (solid line show crossing points from the data of Fig. 5b and dashed line is 

linear regression); 

Fig. 6 represents the nucleotide sequences of the competitive DNA 
fragment for HPV 16 and the targeting, competitive and anchor probes; 

Fig. 7 represents the nucleotide sequences of the HER-2/neu (target), 
its competitor, the reporter and anchor probes; the predicted melting temperatures Tm 
of the reporter probe hybridized to either the target or competitor are shown. 

Fig. 8 is a diagrammatical representation of the strategy used to create 
the competitive DNA fragment for HPV 16; 

Fig. 9 is a diagrammatical representation of the hybridization probes 
used to detect the internal quantification standards and the HPV 1 6 artificial template; 
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Fig. 10 is a graphic representation of the detection efficiency of the 
Internal Quantification Standard (A)and Artificial HPV 16 template (□). The data 
are presented as the average of at least three separate data points, with standard 
deviations for each; 

Figs. 1 la-b illustrate a typical internal control reaction demonstrating 
fluorescent data from an internally controlled hybridization probe reaction. Internal 
quantification standards at concentrations of lxlO 9 (1); 5xl0 8 (2); lxlO 8 (3); 5xl0 7 
(4); lxlO 7 (5); 5xl0 6 (6); 1x10° (7); 5xl0 5 (8); lxlO 5 (9) are plotted in Fig. 1 la HPV 
16 at lxl0 6 in each of the samples is shown in Fig. 1 lb; 

Figs. 12a-c are graphic representations of the detected fluorescence vs. 
cycle number for the Internal quantification standard (open triangles) and HPV 16 
(closed squares). In each case HPV 1 6 is at an initial template concentration of lxlO 4 . 
The internal quantification standard is at initial template concentrations of lxl 0 5 (Fig. 
12a), lxlO 4 (Fig. 12b), and lxlO 3 (Fig. 12c); 

Fig. 13 is a graphic representation of the log of initial competitor copy 
number versus difference in crossing threshold (delta C.T.). A graph of internal 
quantification standard reaction with distinct concentrations of HPV 16 artificial 
template. HPV 16 initial template concentrations are: lxlO 2 (open circles), lxlO 3 
(open triangles), lxlO 4 (open squares), lxlO 5 (closed circles), lxlO 6 (closed 
triangles). Error bars are determined from the standard deviation from four 
independent reaction data points. The 95% confidence interval at each ratio of 
competitor to target is indicated on the x-axis. 

Fig. 14 represents the correlation between melting peak area and 
product concentration for mutant and wild-type HER-2/neu targets detected by 
hybridization probes using melting curve analysis software. Artificial oligonucleotide 
templates were mixed with probes at various concentrations and melting peak-area 
was determined using Li ghtCycler* melting curve analysis software. 

Fig. 15 represents quantification of mutant (M) and wild-type (WT) 
HER-2/neu targets by melting curve analysis following PCR amplification. Mutant 
and wild-type templates, both individually and mixed at various ratios (input ratio), 
were amplified for 40 cycles of PCR and melting curves were generated from the 
PCR products. Melting curves were analyzed by the TMBSP algorithm to determine 
the ratios of mutant and wild-type PCR products (output ratio). 
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Figs. 16a-d are plots of melting analysis of a wild type (WT) sample 

( ), a mutant (Mut) sample (• • • •). and a mixture (Mix) of wild and mutant alleles at 

50:50 ratio ( — ), detected by the Sensor probe only (Figs. 1 6a, and b), or with the 
FRET pair probes (Figs. 16c, and d); Fig 16a and c show melting data (fluorescence 
vs temperature) and Figs. 16b and d show the melting peak data (negative first 

derivative -dF/dT). 

Figs. 17a-d are plots of melting analysis of a wild type (WT) sample 

( ), a mutant (Mut) sample (• • • ), and a mixture (Mix) of wild and mutant alleles at 

95:5 ratio ( — ), detected by the Sensor probe only (Figs. 17a, and b), or with the 
FRET pair probes (Figs. 1 7c, and d); Fig 17a and c show melting data (fluorescence 
vs temperature) and Figs. 17b and d show the melting peak data (negative first 

derivative -dF/dT). 

Fig. 18 is a flow chart of the Thermodynamic Modeling based Signal 

Processing algorithm. 

Fig. 19 is a plot of Input (the actual fraction of the wild-type allele in 
samples) vs the difference between Input and Output (the fractions estimated by the 
analysis software). Results from the Thermodynamic Modeling based Signal 
Processing algorithm (open circle), and the melting peak area ratio software (closed 

circle) aTe shown. 

Fig. 20 is a graphic representation of a model melting curve which has 
three phases: the non-linear "annealed phase," the melting transition (depicted as the 
"melting phase"), and the linear "melted phase." The basis function approximation 
algorithm is based on this model to approximate the melting curve. 

DETAILED DESCRIPTION OF THE INVENTION 

The present invention allows the quantification of analyles, including 
analytes that are too low in concentration to be quantitated using standard techniques. 
The method uses a competitive PCR reaction with real time monitoring during 
amplification or melting curve analysis, and the presence of an internal standard as a 
means of calculating the initial concentration of the target sequence. To date, all real- 
time PCR quantification applications have been limited to quantification relative to an 
external standard curve. While this technique is very useful, it lacks control for tube- 
to-tube differences in PCR efficiency. This limitation of quantification with external 
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standards has been addressed by competitive quantitative PCR methods. In these 
techniques a competitor, with the same primer sites as the target but differing m 
internal sequence, is spiked at a known concentration into an unknown sample. 
However, no real-time version of this method is available. 

The present disclosure is directed to the use of real-time methods to 
differentiate target from competitor and thus allow for gene quantification by 
reference to an internal standard. The methods provide investigators with the 
advantages of a homogenous, real-time PCR system while giving the added control 

that internal standards provide. 

In accordance with one embodiment, a method is described for 
conducing real-time competitive quantitative PCR using a competitor with a unique 
hybridization probe binding site. The competitor will be distinguished from the target 
by using differently colored hybridization probes for the target and the compebtor. 

In another embodiment, a method is described for conducting real-Ume 
competitive quantitative PCR using a competitor differing from the target by only a 
single base. The target and the competitor will be distinguished from one another by 
the differential melting of fluorescently labeled hybridization probes. 

Fig 1 provides a schematic representation of an embodiment 400 the 
LightCycler®. a thermal cycler that may be used in accordance with the described 
methods. As shown in Fig. 1 , air is taken in through an aperture 470 and generally 
follows the flow path indicated by the lines 472. The temperature of the air, and thus 
the temperature of the sample container 450, is controlled with heating cartndge 474, 
which is positioned within a central duct 476, and fan 498, which is provided to move 
the air in the indicated path 472. The fan is driven via a shaft 496 and a motor 494. 
The fan 498 forces air into the aperture 470 and out via exhaust ports 478. In the 
illustrated embodiment, twenty-four sample containers 450 (two of which are 
represented in Fig. 1) are symmetrically arranged around the heating cartndge 474 
and the central duct 476. The sample containers 450 are received by sleeves 452 m a 
circular carousel 480. The carousel 480 is positioned by a stepper motor 488 
provided with a dnve gear 484 that is connected to the motor 488 via a shaft 486. 
Fluorescence from each sample container is obtained by photo array 460, wmch 
includes an excitation radiation source 468 and pholodetectors 464 and 466. More 
details of the LightCycler® may be found in U.S. Patent Application No. 08/869,275. 
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It is understood that this described embodiment is merely exemplary and that other 
thermal cyclers may be used within the scope of the invention. 

By way of illustration, amplifying an analyte by PCR comprises the 
steps of placing a biological sample comprising the target nucleic acid sequence in a 
capillary vessel, raising the temperature of the biological sample from a first 
temperature ("annealing temperature") to a second temperature ("denaturation 
temperature") wherein the second temperature is higher than the first temperature, 
illustratively at least 15°C higher than the first temperature, holding the biological 
sample at the second temperature for a predetermined amount of time, lowering the 
temperature of the biological sample from the second temperature to at least as low as 
the first temperature and holding the biological sample at a temperature at least as low 
as the first temperature for a pre-determined length of time. The temperature of the 
biological sample is then raised back to the second temperature, and the biological 
sample is thermocycled a predetermined number of times. 

In one embodiment, the method of amplifying a DNA sequence 
comprises a two temperature profile wherein the samples are cycled through a 
denaturation temperature and an annealing temperature for a predetermined number 
of repetitions. Other PCR profiles may be used within the scope of this invention. 
For example, the PCR reaction can also be conducted using a three temperature 
proQle wherein the samples are cycled through a denaturation temperature, an 
annealing temperature, and an elongation temperature for a predetermined number of 
repetitions. 

In illustrated embodiments, the PCR reaction is conducted in the 
presence of fluorescent entity to allow real-time monitoring of the reaction. Several 
detection formats based on target dependent fluorescent signaling have been disclosed 
which enable continuous monitoring of the generation of amplification products. See, 
for example, Wittwer et al., "Continuous Fluorescence Monitoring of Rapid Cycle 
DNA Amplification," BioTechniques, Vol. 22, No. 1, 130-138, 1997). These 
detection formats include but are not limited to: 
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1 . Use of fluorescent double-stranded DNA recognizing compounds (see Figs. 
2a-b) 

Since the amount of double stranded amplification product usually 
exceeds the amount of nucleic acid originally present in the sample to be analyzed, 
double-stranded DNA specific dyes maybe used, which upon excitation with an 
appropriate wavelength show enhanced fluorescence only if they are bound to double- 
stranded DNA (Fig. 2b). Preferably, only dyes such as SYBR™ Green I, which do 
not affect the efficiency of the PCR reaction are used. 

2. Taq Man principle (see Figs. 2c-d) 

In order to detect the amplification product, a single-stranded 
hybridization probe is used. The hybridization probe is labeled with a fluorescent 
entity, the fluorescence emission of which is quenched by a second label on the same 
probe that acts as a quenching compound. During the annealing step of the PCR 
reaction, the probe hybridizes to its target sequence (Fig. 2c), and, subsequently, 
during the extension of the primer, a DNA polymerase having a 5'-3'-exonuclease 
activity digests the hybridization probe into smaller pieces, separating the fluorescent 
entity from the quencher compound (Fig. 2d). After appropriate excitation, 
fluorescence emission can be monitored as an indicator of accumulating amplification 
product. 

3 . Molecular beacons 

Similar to the Taq Man Probes, a molecular beacon oligonucleotide is 
labeled with a fluorescent compound and a quencher compound, which due to the 
secondary structure of the molecule are in close vicinity to each other. Upon binding 
to the target DNA, the intramolecular hydrogen bonding is broken, and the 
fluorescent compound located at one end of the probe is separated from the quencher 
compound, which is located at the opposite end of the probe. See, for example, U.S. 
Patent No. 5,118,801. 

4. Increased FRET upon hybridization (see Figs. 2e-f) 

For this detection format, two oligonucleotide hybridization probes, 
each labeled with a fluorescent moiety, are used which are capable of hybridizing to 
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adjacent but non-overlapping regions of one strand of the amplification product. 
Preferably, one oligonucleotide is labeled at the 5' end and the second oligonucleotide 
is labeled at the 3' end. When hybridized to the target DNA, the two fluorescent 
labels are brought into close contact, such that fluorescence resonance energy transfer 
(FRET) between the two fluorescent moieties can take place (Fig. 2f). As a 
consequence, the hybridization can be monitored through excitation of the donor 
moiety and subsequent measurement of fluorescence emission of the second acceptor 
moiety. 

In a similar embodiment, only one fluorescently labeled probe is used, 
which together with one appropriately labeled primer may also serve as a specific 
FRET pair. See Bernard et aL, "Integrated Amplification and Detection of the C677T 
Point Mutation in the Methylenetetrahydrofolate Reductase Gene by Fluorescence 
Resonance Energy Transfer and Probe Melting Curves," Anal. Biochem. 255, p. 101- 
107(1998). 

Usually, the hybridization probes as disclosed have sequences 
completely identical with or exactly complementary to the sequence of the analyte. 
However, it is also within the scope of the invention for probes to contain one or 
several mismatches, as long as the probes are capable of hybridizing to the analyte 
under appropriate hybridization conditions. In any case, it has been proven to be 
particularly advantageous if the sequence identity or complementarity is 100% over a 
range of at least 10 contiguous residues. It has also been proven to be advantageous if 
the length of the probe does not exceed 100 nucleotides, preferably not more than 40 
nucleotides. 

Fluorescence resonance energy transfer occurs between two 
fluorophores when they are in physical proximity to one another and the emission 
spectrum of one fluorophore overlaps the excitation spectrum of the other. Hie rate 
of resonance energy transfer is 

(8.785E- 5 ) (f 1 ) (k 2 ) (n 4 ) (q D ) (R" 6 ) (Jda), where: 

t= excited state lifetime of the donor in the absence of the acceptor, 

k 2 = an orientation factor between the donor and acceptor, 

n= refractive index of the visible light in the intervening medium; 

q D = quantum efficiency of the donor in the absence of the acceptor; 
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R- distance between the donor and acceptor measured in Angstroms; 

and 

Jda= the integral of (F D ) (e A ) (W 4 ) with respect to W at all overlapping 
wavelengths with: 

F n = peak normalized fluorescence spectrum of the donor, 

e A = molar absorption coefficient of the acceptor (M 'cm* 1 ); and 

W 4 = wavelength (nm). 

For any given donor and acceptor, a distance where 50% resonance 
energy transfer occurs can be calculated and is abbreviated Rq. Because the rate of 
resonance energy transfer depends on the 6th power of the distance between donor 
and acceptor, resonance energy transfer changes rapidly as R varies from Ro. At 2 Ro, 
very little resonance energy transfer occurs, and at 0.5 Ro, the efficiency of transfer is 
nearly complete, unless other forms of de-excitation predominate. 

The fluorescently labeled oligonucleotides are designed to hybridize to 
the same strand of a DNA sequence such that the donor and acceptor fluorophores are 
separated by a distance ranging from about 0 to about 25 nucleotides, more preferably 
about 0-5 nucleotides, and most preferably about 0-2 nucleotides. A particularly 
preferred spacing between the donor and acceptor fluorophores is about 1 nucleotide. 

When one of the labeled oligonucleotides also functions as a PCR 
primer ("probe-primer'*), then the two fluorescent entities are on opposite strands of a 
DNA sequence. In this embodiment, the donor and acceptor fluorophores are 
preferably within about 0-15 nucleotides and more preferably within about 4-6 
nucleotides. 

Unless both of the fluorescently labeled oligonucleotides are 
hybridized to their complementary sequence on the targeted DNA, the distance 
between the donor fluorophore and the acceptor fluorophore generally is too great for 
resonance energy transfer to occur. Thus, in the absence of hybridization, the 
acceptor fluorophore and the donor fluorophore are not in resonance energy transfer 
relationship and excitation of the donor fluorophore will not produce a detectable 
increased fluorescence by the acceptor fluorophore. 

Acceptable fluorophore pairs for use as fluorescent resonance energy 
transfer pairs are well known to those skilled in the art and include, but are not limited 
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to, fluorescein/rhodamine, phycoerythrin/Cy7, fluorescein/Cy5, fluorescein/Cy5.5, 
fluorescein/LCRed 640 or fluorescein/LCRed 705. LCRed 640 and LCRed 705 have 
been previously described in European Publication EP 0 567 622. 

The thermal stability of a DNA duplex relies on duplex length, GC 
content, and Watson-Crick base pairing. Changes from Watson-Crick base pairing 
destabilize a duplex by varying degrees depending on the length of the mismatched 
duplex, the particular mismatch, the position of the mismatch, and neighboring base 
pairs. Accordingly, the percent identity of the hybridization probes to their target 
complementary sequence directly affects the temperature at which the hybridization 
probe will separate (melt) from the complementary strand. The greater the difference 
between the probe and the target complementary sequence, the lower the temperature 
needed to separate the hybridizing strands. 

5. Single-Labeled Oligonucleotides 

Single-labeled oligonucleotides are oligonucleo tides having a singular 
fluorescent label. The single-labeled oligonucleotides may be used independently of 
any other fluorescent entities, and fluorescent change occurs due to the sequence of 
the bases located on the complementary strand. See U.S. Patent Application No. 
09/927,842, filed August 10, 2001. Depending on various factors, such as the 
fluorescent entity used and the sequence of the complementary strand, hybridization 
may result in either a decrease or increase in fluorescence. 

Probe Systems for the LightCycler® 

A sequence specific probe system for the UghtCycler® has been 
developed for use in the present invention wherein two fluorophores of a FRET pair 
are brought close together by hybridization during PCR so that resonance energy 
transfer occurs (see Figs. 2e-f). Two adjacent hybridization probes are designed to 
hybridize between the PCR primers, one labeled at the 3' end with a donor 
fluorophore, the other labeled at the 5' end with an acceptor fluorophores. As product 
accumulates during PCR, the probes hybridize next to each other during the annealing 
segment of each cycle. Fluorescence energy transfer to the acceptor dye increases 
with hybridization and is plotted as a ratio of acceptor to donor fluorescence. For 
quantification, the fluorescence preferably is monitored once each cycle near the end 
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ofatwo-temperam* annealing extension segment. A version of the LightCycler has 
been optimized for use with one donor dye, fluorescein, and two different acceptor 
dyes LightCycler Red 640 (LCRed 640) and LightCycler Red 705 (LCRed 705). 
While FRET oligonucleotide pairs are commonly used with the LightCycler and are 
used various examples herein, it is understood that other sequence specific probes 
may be used within the scope of this invention. 



Real-Time Kinetic PCR on the LightCycler® 



The LightCycler* can be used with either double stranded DNA 
binding dyes such as SYBR™ Green I or hybridization probes to monitor the PCR 
reaction. Fig. 3a and 3b show typical external standard curves using hybridan 
probes. The donor probe was labeled with fluorescein and the acceptor w,th LCRed 
640 Thedataareplottedastheratioofacceptortodonorfluorescence. Thetmbal 
concentration of standard ranged from !0 S to 10' copies of target per 10 »l reason. 

Mutation Detection using the LightCycler® 

Monitoring once each cycle provides useful information for 
quantification. Additional information is available if fluorescence is monitored 
continuously during temperature transition, The hybridization state of the probes can 
be determined by measuring the change in fluorescence as the temperature » vaned. 
Hybridization probe melting occurs at a characteristic temperature that can be 
exploited for product identification and mutation detection. 

Quantification by Kinetic PCR 

The temperature dependence of the fluorescence from hybridization of 
the probes may be demonstrated with fluorescence vs. temperature plots (Fig. 4a). 
The illustrated plots were generated by monitoring a single sample every 0A°C dunng 
a slow (0.2-C/second) temperature ramp from 45'C to 75°C. The produet is denatured 
and then rapidly cooled (ICC/second) to 45-C. At low temperature the probes 
hybridize to single-stranded product and the fluorescence ratio (for example LCRed 
640/ fluorescein) increases. During beating, the probes dissociate in the 55 to 65 C 
range, returning the fluoresce ratio to background level, The derivative of thts 
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curve i 



j is calculated with respect to temperature and plotted against temperature (F,g. 
4b) This produces a melting peak centered around the T m of the probe. 
Domination based on hybridization temperatures is a powerfu, too. for .nutation 

detection. 

A Method Combining Mutation Detection with Quantification 

The use of an internal standard in competitive quantitative PCR assays 
involves careful selection of the competitor used as the internal standard The 
competitor and the target in competitive quantitative PCR assays must fulfill 
contradictory criteria. The two nucleic acid sequences must amplify with the same 
efficiency, generally requinng them to be as similar as possible. But they must also 
be differentiate and not prone to heteroduplex formation, requiring them to be 

dissimilar. . , 

The ultimate in similarity between target and template is a angle base 
pairchange. It is extremely unlikely that a single base change would have a 
significant effect on efficiency of anmlification. In accordance with one embodrment 
of this invention, the LightCycler® is used to differentiate between a target and a 
competitor differing by only a single base pair, as in a single base pair mutatmn. 
Under proper conditions, hybridization pro** detect only one of the DNA strands, so 

heteroduplex formation during amplification does not affect the results. 

In the course of the development of the LightCycler®. software has 

been developed for analysis of real-time fluorescence data. Fig. 5a is a represent 
meltingcurve. The software calculates the area under each curve using non-hnear 
regression to fit the melting peak data to a Gaussian curve. This module serves as the 
oasisofthe software for quantificafion using the T m method. The relative peak areas 
of target and competitor are used to calculate the relative amounts of the two 
products. 

Fig 5b shows various amplification curves on a log fluorescence vs. 
cycle number plot For each curve, the point in the amplification curve where the 
second derivative is at a maximum is identified, that is, the point of maximal increase 
in the rate of increase. This fractional cycle number is used to describe the posmon of 
the amplification curve. Unlike traditional "threshold" methods that define the curve 
position relative to background noise, this approach allows the automaUc 
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determination of the positions of the amplification curves based on the shape of the 
curve. See U.S. Patent No. 6,387,621. This module serves as the basis of the 
software for the multi-color method. The relative amounts of target and competitor 
are determined by looking at the fractional cycle difference in the positions of the two 
amplification curves, as shown in Fig. 5c. 

A Method Combining Kinetic PGR with Internal Standards 

In an alternative embodiment, the competitor/internal standard is 
distinguished from the target nucleic acid by differential probe hybridization during 
the PCR reaction. Thus, the reaction is monitored and hybridization is detected as it 
occurs: a "real-time probe capture." This makes it possible to determine the amount 
of the target and competitor kinetically, not merely from an endpoint measurement. 

In an illustrated embodiment, a kinetic internal standard quantification 
method is used where the target and competitor differ only at the probe binding site. 
The competitor probe and the target probes are labeled with differently colored 
fluorophores (LCRed 640 and LCRed 705). Both of these probes are paired with a 
longer fluorescein "anchor probe." Both target and competitor are monitored 
simultaneously, once-each-cycle. Illustratively, the optical design of the system used 
in this embodiment is three color and based on paraxial epifluorescent illumination of 
the capillary tip. Total internal reflection along the capillary axis increases signal 
strength by about 1 0-fold. The excitation source is a "super bright" blue light 
emitting diode. Fluorescence signals are acquired from photodiodes after bandpass 
filtering in the three channels at 520 nm, 640 nm and 705 nm. 

Like the T m method, heteroduplex formation is not a concern, as only 
one of the DNA strands is detected by the hybridization probes. Work with external 
standards has shown that the position of amplification curves is more reproducible 
than the final fluorescence levels. Accordingly, since data are collected every cycle in 
this kinetic method, the more reliable data from earlier cycles are used. 
Advantageously, the present method does not depend on a single measurement to 
define the product ratios. Instead, the relative positions of the entire amplification 
curves are used to determine the ratio of the two products. 

If reactions containing the same target and competitor concentrations 
give amplification curves that are in the same position, then the shift in the curve 
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position between target and competitor can be used to calculate the ratio of target and 



. This method provides precise estimates of target and competitor 



competitor 
amounts. 



Delta C.T. Equation Determination 

The above approach has not previously been used with quantification 
with internal standards. Thus, a convenient, preferably linear mathematical 
relationship between the target and the competitor's curve positions and then- relative 
concentrations is needed. If target and competitor have the same efficiency, then at 
the second derivative maximum for the target: 

T„, = T 0 (E) ,rt 

where T- is the amount of target at the second derivative maximum, T 0 is the initial 
amount of target, E is the average efficiency, of the reaction, and nt is the fractional 
cycle number of the second denvative maximum. Similarly at the second denvatwe 
maximum for the competitor: 



C„c = Co(E) nc 

where C™ is the amount of competitor at the second derivative maximum, C„ is the 
initial amount of competitor, E is the average efficiency of the reaction, and nc rs the 
fractional cycle number of the second derivative maximum. 

The second derivative method is sensitive to the shape of the 
amplification curve, not the absolute fluorescence level. The position of the 
amplification curve should not be significantly affected by differences in signahng 
efficiency between LCRed 640 and LCRed740. The point where the second 
derivative is at a maximum does not reflect a certain signal level but rather the 
accumulation of a certain amount of product. At their respective second denvat,ve 
maxima, the concentrations of target and competitor should be equal. Therefore: 



Cnt ""T n c 
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And so it follows that: 

Co(Er=T 0 (E)' rt 

Rearranging: 

Co^o = (E) n V(Er 

Taking the log of both sides: 

i 0 g((Vr„) = iogt(E) n V(Ey ,c ] 

logCo - logTo - ndosB - nclogE 
lo B C 0 -logT 0 = logE(nt-nc) 

is «. shift -* -0 »"**•>«>' " M <* - " "" to 

substituting: 

logC« - logTo - logE(An) 

And rearranging: 

logC 0 = logE(Ah) + logTo 

ThisdeltaCXequationhasthefonny^.b^oaplotof^ 

the cvcle shift between competitor and target 
initial competitor concentrate versus the cycle 

will give a line with the slope equal to the efficiency and a y-mtercept ec,ual 
of the initial target concentration. 

EXAMPLE 1 _ „. . MIin , 

The following experiment is conducted to confirm that eoual 

eventrations of initial target and competitor template give eoual second derive 

maxima. 
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Equal concentrarions of purified ,ar 6 « and contpefitor PCR « 

rangtne from 10- >0* copies parrel ™ '° ^ 

fl ve rimes and MM « « conduct * d«e ,f a — dtffeeence . 

crossing pom difference tn 

zero, but the difference is consistent, a AAn canbeuseo, 

curve position less any systematic difference between the two channels. 

EXAMPLE 2 £- 0 jj ow i n g experiment is conducted to confirm that the dynamic 
^geoftheassayis at least an order of magnitude on either sideofthe target 
™ ti ^ ei *er the target or the competitor is present in .eat excess, the more 

concentrated product will reach a plateau before the less concentrated product nses 

concentrate proou io htCvcler e has a detection range 

above the detection limit of the instrument The L.ghtCycler 

of approximately two orders of magnitude. This detecuon range defines the upper 

Umrofmedynamicrange.Ammimumdynamicrangeofatleastaoneo^of 

macnitude difference is desirable. 

dy nL ranse of be W een oneand « orde, of - 

cl .umber is calculated usins the «* » *° 

Z* — «■ is five *- "* ,he prec,s '°° 

calculated target number is deteirained. 

0„ce the msxitnum target to competitor difference has been 

„ d0 sctoss a range of urge. «— ~ is derermincd. Targ. ^» ° » ° 

tM UP to tbe msximum difference in urgsucompeuto, mno defined by ft. 
Itlrenu above. Tfie targercopv .umber is calcul-ed using -be k ,ne„c nrerfiod 
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i„,„val is «*ul«»4. s» ^ m d .moss «s*^". 

ejected to bearound 25*/,. A 25/. 
differences. 

H This »«1>°4. ">** ^ effi^ beW,W " 

(WV^SOl.sbentesoB"""'"' 

pf^R irt the 

EXAMPLE 4 ^.^.s^^-^^.^^is 
^ w« using a competitor *hicD cut competitor are 

. . . . v ,v e differential melting 
distinguished by *e 01 

amplification (usually 
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With this design, the comp^ a ^ sblft 

of pn*esfo r HER-2/neu. ^ . s ^ ch in the center of .probe^ 
the hybridization probe. ACAtms fl ^ patched 

Primer Designer 

Co^Cion of me CoOT*™ genOT «ed «» »un,.» 

discussed above. 

v end by a phosphate, r 
blockedonthe3 cnooy 

discussed above. 

O.rC during the ramp- ™ e 



( evno3-iso37sCP2003- D7 s 



t . oon0 Statistical tests produce 
• Hal target/competitor rat* of 1.0- 
oorapared to thrown urtrt interva i s . 

the known initial xar» ^ ^ 95 /„ 00 m0 \ecules art 

0.5 KM P™»« s - » 0 ., «ri 0 .5/1 W. ^ 

melting peak area 
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Dynamic range of quantification by melting peak analysis 

A linear relationship between melting peak area and amount of PCR 
product could be established for a ten-fold difference in the relative amounts of fine 
two molecules in reconstructed melting experiments using the conventual 
LightCycler* melting analysis software. To broaden the dynamic range of fins 
technique, a novel method of melting curve analysis was developed based on. 
Thermodynamic Modeling based Signal Processus (TMBSP, see Example 6) of the 
melting curve data: the components of a heterogeneous melting curve are 
quantitatively described in terms of their volume fractions with respect to 
homogeneous melting curves for each component. 

Figure 1 5 shows the results of mixing wild-type (WT) and mutant (M) 
template molecules at input ratios ranging from 20:1 to 1:100, followed by 45 cyc.es 
of PCR amplification and melting curve analysis to identify the relative amounts of 
wild-type and mutant product after amplification (output ratios). These results show 
that TMBSP analysis of melting curves can distinguish I molecule in 100 followmg 
45 cycles of PCR amplification. 

Precision of the assay 

Table 1 summarizes the accuracy of quantification by melung-peak 

analysis. Ratios of as much as 1 in 50 are disenable with reasonable accuracy and at 
a 100-fold difference the minor species can still be routinely detected, but with poorer 
accuracy. 
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Table 1. 



a wm hmr alleles calculated from melting-curve analysis 
Ratios of Mutant and Wild-type alleles caicu* ^ 



Mutant 
Copy 
number 



Amount of input wild-type compared to mutant 
equal 



M/NVT 
Ratio 

st dev 



10* 



10 5 



1.040 
0.041 



2X 


5X 


M/WT 


M/WT 


Ratio 


Ratio 


stdev 


st dev 



10 4 



1.030 



0.069 



10 3 



10* 



1.010 
O05T 



0.943 
0.068" 



0967 
0173" 



0.544 
"0.044 



0.230 
0.008 " 



0.517 
0.009 



0.503 
a034~ 



0.493 
O036~ 



10X 


1 2 ° X i 


50X 


M/WT 
Ratio 


I MAVT 
I Ratio 


M/WT 
Ratio 


st dev 


1 st dev 


st dev 



100X 

M/WT 
Ratio 

stdev 



0.227 
0.0O6 



0.216 
0.015 
0.207 
0.030 



0.108 
I) .007" 



0.052 



0.008 



0.117 

b.oio 



i 0.062 
0.005 



0.027 
0.011 



0.104 

0.005 
0.116 
0.018 



, 0.051 
0.003 
0.058 



0.006 



0.034 
D.00S 
0.022 
0.004 



0.012 
0.007 



0.018 
0.003 
0.011 
0.006 



Bec.use of the expo.end* nature of PCR. *nal. » 

However, » ft« « « * — "* ^ I"*!! in 

pJLic do p.. «k enough . affect product o^canon 



Omen, ^ysU used to assess the d.u takes siting curre 

differences respect to •cnrpe.at.re «o »vc meuing peu*s, and the, 
e «d,obe a mof..o 3 Gaassi.ne^«s«o*e»., me p^da,.T^Oo., 



user i 



The papers in a G.ussiuu cup,, eowuioo » the urea of d« peak, 
posidoo of ih. oenter of the pa* M - * — ° f ^ ^ 
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deviation). The preferred currently available software allows all three values to float. 
For quantification with internal standards, the number of curves is illustratively two, 
and the means are known to be within the reproducibility of the machine. Only the 
area and standard deviation of the curve need to float completely free. The non-lmear 
regression software can be modified to allow the user to enter the expected memng 
temperatures of target and competitor and the concentration of the competitor m each 

SamPle ' The relative melting peak areas are used to calculate HER-2/neu target 

copy number. Users enter the competitor copy number for each sample. The 
software takes the data from multiple samples and plots the log of the final 
target/competitor ratio versus the log of the competitor concentration. Tms plot 
should give a hue a s>o P e of -1 with a y-intercept equal to the log of the initial target 
concentration. 

EXAMPLE 5 r r 

The following experiment is conducted to determine quantification of 

HPV 1 6 using internal quantification standards with real-time fluorescence PGR on 
the LightCycler*. 

DNA/oligonucleotides 

Human Papilloma virus DNA is subcloned into pBR322. The 
following probes and primers are used for cloning, amphfication, and detection. 
16HI13 5 ' -GGGGATCC ACTTC AGT ATTGC-3 ' (SEQ ID NO.l); 
16R19 5 ' -GGGAATTCC ATGGCTGATCCTGCAGGTAC-3 ' (SEQ ID NO.2); 
16ICS: 5'-GATCCTGCAGGTACCGATCGGATAGTGAGCGAGAGATAGGTA 

GGGATGGTTTTATGTAG-3 ' (SEQ ID N0.3); 
ICSp913^640:5'-LC640-CTACCTATCTCTCGCTCACTATCCATC-P-3' 

(SEQIDNO.4); 

16p913:5'-LC705.ATTACATCCCGTACCCTCTTCCCCATT-p-3* 
(SEQ ID NO.5); 

900fl6: 5 '-CCATGGCTG ATCCTGCAGGTAC-3 ' (SEQ ID NO.6); 
1300rl« : 5'-CCACTTCAGTATTGCCATACCC-3- (SEQ ID NO.7); 
1 6an91 3 ' 5 ' -CTCGTCATCTG ATAT AGC ATCCCCTGTTTTTTTTTCC ACTA 
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CAGCCTCTACATAAAACC-F1TC-3' (SEQ ID NO.8) 
Fluorescent Dyes 

5' LCRed 640 labeled oligonucleotide (Roche Molecular Systems) is 
conjugated to the oligonucleotide post-synthesis. 5' LCRed 705 labeled 
oligonucleotide (Roche Molecular Systems) is conjugated to the oligonucleottde 
during the synthesis reaction, as a phosporamidite. 3' Fluorescein labeled 
oligonucleotide (Operon, Inc.), is purified by HPLC. 

Reactions 

An artificial system for the detection of initial template DNA copy 
number has been created from HPV 16 genomic DNA that had been previously 
cloned into a bacterial plasmid. The HPV 16 artificial template was produced by 
introducing an EcoRI restriction endonuclease site in the forward pnmer, and a 
BamHI restriction endonuclease site in the reverse prime, The PCR product was 
amplified from the HPV 16 plasmid to produce a sequence that could be readily 

cloned into a pUCl 9 plasmid. 

Similarly, the internal quantification standard was created from the 
HPV 16 containing plasmid DNA using a combination of nested PCR primers. The 
design for creating this aruficia. sequence can be seen in Fig. 8. In summary, plaW 
DNA containing HPV 1 6 genomic DNA top was amplified with PCR primers 900F16 
and 1300R16. 16ICS is a long primer with an internal HPV 16 sequence that has 
been randomized. The DNA was then amplified with this primer to create the Internal 
Quantification Standard (IQS) sequence. This randomized region serves as the 
interna, quantification standard probe-binding site. Primers 16RI9 and 16HH3 have 
been designed to introduce EcoRI and BamHI restriction endonuclease sites for 
directional subcloning of the final artificial sequence into a P UC19 plasmid. To 
ensure similar template backgrounds, HPV 1 6 was also amplified with the primers 
,6R19 and 16HI13, to facilitate the directional subclonine of this amphcon mto a 
pUC19 plasmid. 
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Producing flic Artificial IQS and HPV 16 plasmids 

HPV 16 plasmid DNA at 107 copies per/il were aliquoted into 96- 
well microliter plates. Solutions containing the following final concentrations were 
prepared- O.U/M 16HI13 primer, and 0.1//M of either 16RI9 primer or 161QS 
primer, 50mM Tris pH 8.3 (25«C), 4.0//M MgC12, 0.25 mg/ml Bovine serum 
albumin, 200/iM each dNTP. and KlenTaq DNA polymerase 0.2 Units//il, 1 :30,000 
dilution of SYBR® Green I (Molecular Probes). Thermal cycling conditions for the 
amplification of the artificial HPV 16 and IQS, templates included 1 cycle of sample 
denaturation at 97'C for 30 seconds. The amplification protocol included 30 cycles of 
denaturation at 90°C for one second, annealing at 55°C for 2 seconds, extension at 
78°C for 18 seconds with a fluorescence acquisition following extension. The ramp 
rates for each transition was set to the maximum of 20°C/second, except for the 
transition between the annealing and extension step at 10-Osecond. Reactions were 
run on a 0.8% SeaKem Agarose ge! (IxTris, borate, EDTA, ethidium bromide) gel at 
80mA for 1 .5 hours. The reaction products were visualized by UV light, and product 
bands were excised from the gel. The products were purified from the gels by 
Amicon Gel Nebulizers™ (Part No. 42600, Beverly. MA) according to the 
manufacturer's directions. Following purification, partial IQS template was subjected 
to a second round of amplification to complete the artificial IQS sequence. The 
reaction is the same as above, save for the template DNA, which was the parual IQS; 
and the primers 16R19, and 16H113. The final complete IQS sequence was band 
isolated from a 0.8% agarose gel, and purified as described above. 

Purified artificial HPV 1 6 template, IQS template, and pUC 19 DNA 
were restriction endonuclease digested with Eco RI and Bam HI (Boehringer 
Manneheim Biochemicals) according to the manufacturers directions. Followmg 
digestion, DNA was band isolated on 0.8% Agarose gels and purified as described 
above. Purified template DNAs were ligated into the digested P UC19 DNA with T4 
DNA ligase (Boehringer Manneheim Biochemicals) at 14°C overnight. Ligated 
DNAs were transformed into competent Rcoli DH5ot cells, and plated onto Luna 
Broth Agar plates containing ampicillin at 125p.g/mL Cells were incubated overnight 
at 37°C. Single colonies were isolated and grown in Luria Broth containing 
ampicillin at 125ug/ml for 16 hours. Plasmids were isolated by Promega Wizard 
Minipreps. Final preparations were boiled for 5 minutes, and DNA concentration was 
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determined by spectrophotometer readings at A 260 and A Jg0 . Inserts were confirmed 
by .nplification with the 900A6 and 1300rl6 primers and FRET probe specificity 

P BECIQSorpBEC16. 

The artificial IQS and HPV 16 templates served as the templates in all 
subsequent reactions. The design of the detection of the IQS product and the HPV 16 
product is baaed around the objective of minimizing the differences between the 
targ et and the competitor DNAs. Both IQS and HPV 16 were amplified with a smgle 
primer set, 900fl6 and 1300rl6. A single fluorescein labeled "anchor" probe was 
used to position the FRET inducing fluorophore adjacent to the detection probes, as 
seen in Fig. 6. The detection probes are designed specifically to hybridized to either 
the IQS product, 1QS P 91 3, or to the HPV 16 product, 16p913. IQS P 913 is an LCReo 
640 labeled probe that canbe detected in Channel 2 of the LightCyc.er . 16 P 9U,san 
LCRcd 705 labeled probe that can be detected in Channel 3 of the LightCycler . This 
internal standard design allows for simultaneous amplification of both the competitor 
and target DNA in a single reaction cuvette, as well as providing a color-based 
method for distinguishing the two products. 

Fig. 9 illustrates detection of internal quantification standards (IQS) 
and the HPV 16 artificial template. A single primer pair was designed to amplify the 
BPV 16 artificial template (900fl 6/1 300x16). This same primer pair also amplifies 
the internal quantification standard sequence. A 5S-mer fluorescein labeled 
oligonucleotide (16an913), that exactly matches both the artificial HPV 16 and IQS 
sequences, serves as the FRET anchor. Two additional probes were designed, one to 
specifically detect the HPV 16 sequence (16 P 913) and the other for detecting the IQS 
sequence (ICSp913). 

Amplifications for quantification analysis 

Serial dilutions of plasmid pBECIQS and plasmid P BEC16 were made. 

DNA templates were aliquoted and mixed into 96-well microliter plates. Master mcc 
solutions for the quantification contained the following final concentrations: 0.4uM 
900fl6 primer, O.luM 1300rl6 primer. 0.3uM of I6an913 fluorescein probe, O.lpM 
of each 16 P 913 LCRed 705 and IQS P 913 LCRcd 640 probes, 50mM Tns pH 8.3 
(25-C) 3 25uM MgCh, 0.25 mg/ml Bovine serum albumin, 20 0m M each dNTP, and 
Taq DNA polymerase 0.2 Units/ul. Thermal cycling conditions for the amplification 
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of the interna! quantification standard and the artificial HPV 16 DNA templates 
included 1 cycle of sample denaturation at 9TC for 30 seconds. The amplificanon 
protocol included 50 cycles of denaturation at 92"C for 1 second, annealing at 47»C 
fluorescence acquisition following a hold at 5"C for 6 seconds and extens.cn at 78 C 
for 12 seconds. The ramp rates for each transition was set to the maximum of 
20°C/second, except for the transition between the annealing and fluorescence 
acquisition step that was at 0.4°C/second. 



Results 

As indicated above in the derivation of the delta C.T. equation, the 
detection efficiency of both the target and internal quantification standard DNAs 
should be equal. To determine whether, in fact, this is met by this system, the 
crossing threshold for either HPV 16 or the 1QS was determined in reactions where 
both probes were present and only one DNA template was available for detection. As 
seen in Fig. 10, the crossing thresholds for both the target and competitor DNA are 
similar Fig. 10 shows the crossing threshold of the amplification curves following 
color compensation, baseline subtraction, setting of the noise-band, and finally 
detecting the cycle threshold at which the amplification curves can be detected. 
Although the amplification or detection efficiency of these reactions is not Imear over 
the range of concentrations tested, the crossing thresholds are consistent for both the 
internal quantification standard and the target DNA 

Fig. 10 shows the detection efficiency of Internal Quantification 
Standard and Artificial HPV 16tem P late. The data are presented as the average of at 
least three separate data points, with standard deviations for each. 

A typical internal control reaction is depicted in Figs. 1 la and 1 lb. 
Serial dilutions of the IQS template were prepared (lxlO 9 , 5xl0 8 , 1x10 s , 
5xl0 7 1x10'). Each sample contained 1x10* initial copies of HPV 16 target DNA, 
and was spiked with one of the serial dilutions of the competitor IQS DNA. The 
internal standard is detected in channel two (Fig. 1 la), the decreasing concentrations 
of IQS show a typical crossing threshold cycle shift as the initial number of template 
copies decreases. In Fig. I lb, HPV 16 DNA is shown as detected in channel 3. As 
expected with a single concentration of initial template DNA, 1x10*, the cycle 
threshold ofdetection is consistently at cycle 28. Tne data in Figs. 11a and lib have 
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been compensated for color overlap from channel 2 into channel 3, using a color 

compensation file. 

The cycle shift that occurs during the amplification when differing 
initial copies of target DNA and competitor DNA are present is regularly observed in 
reactions where one DNA template is maintained at a single starting copy number and 
the other template is varied. In Figs. 12a-c, an example of a typical cycle shift is 
presented. Three reactions are represented. Each reaction comprises the templates 
and the probes for IQS and HPV 16 amplification and detection. Internal 
quantification standard (triangles) and HPV 16 (squares) are multiplexed. In each 
case, HPV 1 6 is at an initial template concentration of lx 1 0 4 . The internal 
quantification standard is at initial template concentrations of 1x10 s (Fig. 12a), lxlO 4 
(Fig. 12b), and lxl 0 3 (Fig. 12c). Accordingly, the initial copies of IQS DNA range 
from ten fold greater than the HPV 16 (Fig. 12a), to ten fold less than the HPV 16 
DNA (Fig. 12c). As can be seen in Fig. 12b, where the initial copy number of both 
the target and the competitor DNAs are the same, the crossing thresholds are 
identical. However, when the competitor is either ten fold greater (Fig. 12a) or ten 
fold less than (Fig. 12c) the cycle threshold for the internal quantification standard is 
earlier or later, respectively, than the cycle threshold for the HPV 16 DNA. 

The cycle shift for copy number differences between the competitor 
DNA (IQS) and the target DNA (HPV 16) was plotted as the change in cycle 
threshold, between the IQS in channel 2 and the HPV 16 in channel 3, versus the log 
of the initial copy number of the IQS in the reaction. Fig. 1 3 represents the data from 
two separate experiments for each target, HPV 16, DNA concentration each 
performed in triplicate. HPV 16 initial template concentrations are: lxlO 2 , lxlO 3 , 
lxlO 4 , lxlO 5 , and lxlO 6 . Error bars arc determined from the standard deviation from 
four independent reaction data points. The standard deviations are hence a 
combination of intra- as well inter-experimental variation. The majority of the cycle 
threshold error arises from inter-experiraental variation. The lines plotted represent 
the trendlines for the averaged delta C.T. data points for each IQS and HPV 16 
concentration. A trendline for the averaged delta C.T. data points for each IQS 
concentration and the lxlO 4 HPV 16 concentration is shown in Fig 13. The 
trendlines are calculated from a least squares analysis of the best linear fit to the 
points. Table 2 presents the equations for the linear fit to the trendlines. 
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The analysis of delta C.T. data from internal quantification standard 
curves is shown in Table 2. The trendline equations used to calculate target 
concentrations are shown with the log [T J indicated in bold. Amplification 
efficiencies and the actual and calculated concentrations of HPV 16 target DNA are 
also indicated. 



Table 2. 

Linear best-fit trend line to the data in 


Figure 8. 




Trendline Equation 
logC 0 «logE(@n)+ logT 0 


Efficiency 


Calculated 
Copy* 


Actual Copy 
n 


% Error* 


y = 0.2802x + 5.9347 
K 1 * 0.989 


1.91 


0.86xl0 6 


10* 


13.96 


y = 0.2872x + 4.9235 
= 0.9911 


1.94 


0.84x10 s 


10 $ 


16.15 


y - 0.2826x + 3.9527 
R2 = 0.988 


1.92 


0.90x10* 


10 4 


10.32 


y-0.2944x + 2.9621 
R2 = 0.9885 


1.97 


0.92x1 0 3 


10 3 


8.36 


y - 0.289x +• 1*8822 
r2 = 0.9922 


1.95 


0.76x10* 


10 2 


23.76 


• The absolute difference betw< 
the % Error for each particular 


>en the observed copy * and calculated copy # is representee as 
r initial target copy . . . 



The log of the slopes of each of these lines was calculated to produce 
the average reaction efficiency, and the log of the y-intercept was used to calculate the 
observed target DNA concentration. The observed target concentrations were in each 
of the samples no greater than 24 percent varied from the estimated concentration 
based on limiting dilution determination of the DNA concentration and subsequently 
the initial template copy number in each reaction. 

The use of a common set of primers to amplify similar templates and 
, hybridization probe systems to detect the products of those templates apparently 



two! 
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results in samples that have similar crossing thresholds. The application of this two 
color detection system to internal quantification standards has been facilitated by the 
derivation of an equation that uses only a simple manipulation of the crossing 
threshold data to produce internal quantification with a minimum dynamic range of 
10 fold on either side of the target DNA concentration. 

While the above examples have incorporated FRET oligonucleotide 
probe systems, it is understood that other probe systems may be used within the scope 
of this invention. For example, single-labeled oligonucleotide probes may be used, 
eliminating the need for the anchor probe. The following example uses both the 
FRET oligonucleotide probe system (Sensor and Acceptor) and the single-labeled 
probe system (Sensor probe only). 

EXAMPLE 6 

This example demonstrates that ratios between different nucleic acid 
targets in a mixture can be quantified using a Thermodynamic Modeling based Signal 
Processing algorithm. In an exemplary bi-allelic system, allele fractions as low as 1 
part in 1 00 can be determined accurately by aid of this algorithm. Tins method can be 
used, for example, to determine allelic patterns of gene expression, allele frequencies 
in pooled populations, and ratios between different cell types in a mixed tissue 
sample. 

Model Bi-allelic System 

A single nucleotide polymorphism (SNP) locus in the human p53 gene 
(GenBank Accession # U94788) is used as target. Detection and analysis of the SNP 
locus is possible by a 3'-fluorescein-labeled Sensor Probe 
(5 'GTTCCTGC ATGGGCGGCATGAAC-F (SEQ ID NO.9)). When matched 
perfectly to the wild-type target sequence, this probe has a Tm of 70'C. When 
hybridized to the mutant allele, probe Tm is shifted to about 62°C due to the GA 
mismatch at position 12 from the 5' end of the probe. 

This Sensor Probe can be used alone to detect the SNP locus through 
the fluorescence quenching mechanism in which the signal of the probe decreases 
upon hybridization by the effect of a G residue on the target strand (See Crockett and 
Wittwer. Anal Bin^em. 2001^2 9001^22)- Signal change is observed in the Fl 
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channel of the LightCycler apparatus. Illustratively, this probe can also be paired 
with an Acceptor Probe that is labeled with a fluorescence resonance energy acceptor 
dye, LCRed640, at its 5' end (5'640-GGAGGCCCATCCTCACCATCATCACAC 
TGGAAG (SEQ ID NO.10), Tm=75*C). Signal change from this FRET pair probe 
system is observed in the F2 channel. 

Target Preparation 

Targets with wild-type and mutant alleles are generated by PCR using 
Forward primer 5' GCGCACTGGCCTCATCTT (SEQ TDNO.ll) (Tm=62.9T), and 
Reverse primer 5' GGTCAGCGGCAAGCAGA (SEQ ID NO.12) (Tm=62.6*C). The 
amplified samples are purified, quantified spectrophotometrically, and mixed at 
various known molar ratios. 

Melting Curve Analysis 

The reaction mixture consists of DNA (2000 copies/lOuL), KlenTaq 
enzyme (0.8 U/lOpL), TaqStart antibody (0.088 ng/10nU, 0.2mM dNTP, IX PCR 
buffer including 3mM Mg~ (Idaho Technology Inc., UT), and 0,2jaM of the Anchor 
probe and/or the Sensor probe. Unlike Example 4, it is not necessary to use a high 
amount of probe as the heterozygote sample in this system provides a melting peak 
area ratio of about I . Thermal cycling conditions are 94 # C (reached by a transition 
rate of 20 8 C /s, held for 0 seconds); 56 e C (transition rate of 20'C /s, held for 5 
seconds); 74°C (transition rate of 2°C /s, held for 7 seconds). After forty PCR cycles, 
melting curve analysis is conducted by denaturing the sample at 94 e C, annealing at 
40*C, and melting the double-stranded DNA using a ramp rate of 0.2°C/s. 
Fluorescence is monitored continuously during melting. The resulting melting curve 
data (shown as example in Figs. 16a and 16c for allele ratio of 50:50, and Figs. 17a, 
17c for allele ratio of 95:5) are directly analyzed with the Thermodynamic Modeling 
based Signal Processing (TMBSP) software, and allele ratios estimated. Two 
external standards (100% of wild type allele, and 100% mutant allele) are provided 
for the TMBSP analysis method. For estimations of allele fractions using the peak 
area ratio method, first the melting curve data are converted into melting peak data by 
taking the negative first derivative (shown as example in Figs. 16b a 16d for allele ratio 
of 50:50, and Figs. 17b, 17d for allele ratio of 95:5). The data are then analyzed as 
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described in Example 4, using software such as the LCDA Software (Roche 
Molecular Biochcmicals). 

Thermodynamic Modeling Based Signal Processing (TMBSP) Algorithm 

This algorithm couples digital signal processing with a thermodynamic 
observation to calculate the mass fractions of materials in a mixture. Digital signal 
processing is performed using Fast Fourier Transformations and by associating small 
amplitude Fourier modes with noise in the signal. The thermodynamic modeling is 
based on the Gibbs free energy of a mixture, and assumes that there are no chemical 
interactions between melted materials. Additionally, the algorithm includes the 
ability to analyze the melting signal of a mixed sample in the absence of standards. 
The method provides the melting temperature and the fraction of the unknown 
components. 

Prior technologies differ from the illustrative method in four ways. 
First, most technologies perform the signal processing using Fourier-based 
deconvolution to identify individual components of a signal that is composed of many 
different species. These methods assume the input signal is a convolution of the 
individual signals with a predetermined convolution kernal. Examples of this type of 
method are found in U.S. Patent Nos. 5,273,632, 5,748,491, and 5,346,306. 
Illustrative methods of this disclosure determine the deconvolution kernal as a 
component of determining the mass fractions of the materials. 

Second, prior technologies determine the desired quantities one at a 
time. Once a component of the signal is determined, these methods subtract the result 
from the signal and determine the next component. An example of this type of 
technology is found in U.S. Patent No. 5,985,120. The methods of this disclosure 
determine the mass fractions with an "all at once" approach. 

Third, prior technologies using digital signal processing have been 
involved in the analysis of images of PCR amplified samples on an eleclrophoreric gel 
or similar devices, as in U.S. Patents Nos. 5,906,919; 5.912,165; 6,066,459; and 
6,054,268, or with mass spectrometry as in U.S. Patents Nos. 6,054,268 or 6,268,131. 
The methods of the present invention do not require post-amplification manipulation 
of the PCR samples. 
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Fourth, prior technologies using digital signal processing in PCR based 
applications, such as U.S. Patent No. 6,221,600, do not use thermodynamic modeling. 

The present invention couples the process of determining a set of 
desired material parameters and simultaneously determining an optimal signal 
processing scheme. 

Digital signal processing with the Discrete Fourier Transform (DFT) 
has been widely used since the discovery of the Fast Fourier Transform (FFT). The 
basic idea is to represent the signal as a linear combination of sinusoidal signals (or 
basis functions), and to keep only those sinusoidal basis functions that contain reliable 
information about the signal. 

A DFT uses a finite number of terms from a Fourier series to 
approximate a periodic function. The Fourier series can represent periodic function 
with a reasonable amount of smoothness. Suppose fi(T) is a fluorescence melting 
signal, then the Fourier series of f(T) is 

f(r)= Zg(*)e 2 -* r 



where the temperature is rescaled by the change of variables 

T -T . 

irax mi 

The variables g(k) are the discrete Fourier coefficients of f(T). Each coefficient g(k) 
is calculated by computing the integral 

n 0 

and the FFT is an efficient method of computing a set of these integrals. 

In practice, only a finite number of these terms can be computed, and 
some terms are meaningless because they represent noise in the signal. The DFT 
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provides a simple method of eliminating the noise from a signal by setting those 
discrete Fourier coefficients associated with the noise equal to zero. One is left to 
decide which coefficients correspond to noise and which correspond to signal. 

A mathematical truism is useful to accomplish this. The sum of the 
moduli of the discrete Fourier coefficients is equal to the norm of the function f(T), or 

ll/(OII 2 = £ls(*)f 

Assuming the noise in the signal is small, a common and safe method 
of eliminating noise is to use this property and keep enough terms of the DFT so the 
norms of the actual signal and processed signal are close to one another. Specifically, 
one sets g(k) = 0 if | g(k) | < a where a is a small tuning parameter. If K(a) is the set 
of discrete Fourier coefficients that have not been set to zero, then the processed 
signal is 

and it has the property that the processed signal is close to the actual signal since 

is small by construction. Additionally, the periodic basis functions that only 
contribute a small amount to the actual signal are ignored. Usually these basis 
functions oscillate rapidly and are identified with noise. This procedure has the added 
benefit that it approximates the actual signal with a small set of data. The only data 
that need to be stored are the wave numbers in the set K(a) and the corresponding 
discrete Fourier coefficients. 

Thermodynamic Modeling 

The fluorescence signal of a PCR product decreases or increases when 
the product denatures. This process is a phase transition that can be understood using 
thermodynamics. The thermodynamics of phase transitions of a mixed material are 
based on the thermodynamics of a phase transition of the base substance. 
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Consider a mixture of many substances, labeled 1 , 2, . . N. If G/(T) is 
the Gibbs free energies of substance i as a function of temperature, then the Gibbs 
free energy of a mixture of these substances is given by 

l OJ 

where m, is the mass fractions of the substance L The energy from mixing is AG m u, 
and it accounts for changes in entropy introduced by mixing species i and j. In 
aqueous solutions, this term is usually small. 

Fluorescence melting signals do not measure the Gibbs free energy of 
a material. However, since the signals are monotonically changing as a function of 
temperature, temperature itself can be thought of as a function of fluorescence, i.e., 
T(f) where f is the fluorescent melting signal. 

This is a useful observation since G,{T) is typically a monotone 
function of temperature, particularly at temperatures near a phase transition. Since 
temperature is a function of f, composing G,{T) with T(f) implies that G, is a function 
of fluorescence. Finally because G, is a monotone function one can think of 
fluorescence as a function of G,. 

These observations suggest that one can model the fluorescence of a 
PCR mixture as 

i i>j 

where £■ is the fluorescence melting signals of species i, and where fmi x is the 
fluorescence melting signal of the mixture of species i with j. 

Given the fluorescence melting signals, f iy f^,, and ignoring the 
fluorescence mixing terms, a good approximation for the mass fractions of the 
substances can be found by minimizing the following objective function over all 
choices of m t between zero and one. 




Basis Function Approximation 
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The fluorescence melting signal to be analyzed may or may not have 
standard melting signal such as fj described above. When the standard signals are 
missing, they must be approximated. The illustrative approximation scheme is based 
on the observation that the fluorescence melting signal of the products is essentially 
linear at temperatures greater than the melting transition {i.e., at the "melted phase"), 
and non-linear at temperatures less than the melting transition (i.e., at the "annealed 
phase, " see Fig. 20). 

To approximate the standard signals, the fluorescence melting signals 
of all PCR mixtures are scaled relative to one reasonable signal, and an approximation 
of the remainder data is calculated. The mathematical model used is: 

f r (T) = /> (D(l - Yj ^jMj (T))+ P 2 iT)Xj^AT) 

and the terms in the model are defined as the following: 

• T— temperature 

• f r CD - approximated fluorescence of the melting curve 

• Pj(T) - nonlinear function representing the fluorescence in the annealed phase 

• P2CO - linear polynomial representing the fluorescence in the melted phase 

• M/TJ - fraction of species j that has melted; Mj(T)=0 implies species j is 
annealed and Tj is the melting temperature 

• mj- constant mass fraction of species j in the sample vessel 

Finally all the summations in the model include N terms, with one term for each melt. 

The model was constructed using a combination of observed behavior 
and elementary thermodynamics. The background terms Pj(T) are solely based on 
experience with the data, while the linear combinations of the fractional melting 
equations are based on the free energy of a mixture of materials. The free energy is 
equal to the sum of the free energies of the components of the mixture to first order. 
Changes in the free energy of the materials are the driving force for a phase transition 
in the probe-melting experiments, therefore, it is expected that the fluorescence of the 
samples will be nearly linear combinations of the fluorescence of the individual 
species. In this context, the terms Mj(TJ represent the probability that a type j probe is 
attached to its target. The melting terms Mj(T) depend on two parameters: the melting 



(?74) )03- 



180378 (P2003-pI§ 



temperature 7} at which the curve is steepest in the melting transition, and the width of 
the melting transition wj. 

Algorithm Coupling 

In the first step of the full algorithm, scaling is performed, and the 
samples with no melting signal ("negatives") are found. Then parameters that specify 
the remainder junctions are found. Finally an iterative process adds one remainder at 
a time, and minimizes the objective function 

min E{m n <r 9 Tj)= - £ in,/," (T) - /' Cojc/T 

to simultaneously find the smoothing parameter cr, the mass fractions of the known 
standards m i9 and the melting temperature and mass fraction parameters of the 
remainder functions, 7} and my The iterative process is terminated when the mass 
fractions sum are bigger than 1-^ where e is a tolerance, and when the approximated 
melting signal of the mixed material is sufficiently close to f mijL . The previously 
computed results serve as inputs to the optimization software that minimizes the 
objective function. The tolerance limit fused in the algorithms is proportional to the 
relative size of the noise in the signal. Other methods of selecting the tolerance could 
be used. 

A flow chart of the full algorithm process is shown in Fig 1 8. The top 
box is the entry into the algorithm, and users specify the standards and unknowns. 
The second box determines the scale factors of all the signals and determines whether 
any of the signals are negatives. The third box signifies where the parameters of the 
remainder function are determined. If combinations of the standards adequately 
model the unknown melting curve, then the remainder parameters will be zero. In the 
absence of known standards f i7 then the approximated curves / will be used 
exclusively. 

The bottom three boxes form the iterative algorithm to fmd all the 
components of the unknown. First the minimization problem defined in this section is 
solved for the current set of standards and remainders. Then the model is compared 
against the unknown, and if the fit is within a tolerance limit, the algorithm stops and 
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reports its results. If the fit is not within the tolerance limit, then the algorithm 
determines a new standard and repeats the solution of the minimization problem. 

Results 

The wild-type allele fraction is estimated (as "Output") using (1) the 
Thermodynamic Modeling Based Signal Processing (TMBSP) method, and (2) the 
melting peak area ratio analysis method by use of the LCDA software. In Tables 3 
and 4, those outputs are compared against the actual allele fraction in the sample 
("Input"). Output of TMBSP analysis is obtained for all allele fractions regardless of 
the probe system used. The values agree well with the Input values. Output of 
melting peak area ratio analysis is obtained only for the FRET pair probes in which 
allele fractions are greater than 1 0% and lower than 90% (Table 3). The LCDA 
software used for this analysis was unable to provide the melting peak area ratio for 
the Sensor probe-only system due to the opposite direction of signal change in the 
melting curve data (Figures 16b, 17b). The LCDA software is also not able to detect 
allele fractions of 1 0% and lower, or 90% and greater. 



TABLE 3. Data obtained using 


Sensor probe only 


Input fraction of 
wild-type allele 
(%) 


Output of melting 
peak area ratio 
analysis (%) 


Output of 
TMBSP analysis ' 
(%) 


2 




2 


5 




5 


10 




11 


20 




20 


50 




49 


80 




78 


90 




85 


95 




92 


98 




94 
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TABLE 4. Data obtained using FRET pair 




(Sensor and Acceptor 


) probes 


Input fraction of 


Output of melting 


Output of TMBSP analysis 


wild-type allele (%) 


peak area ratio 


(%) 




analysis (%) 




2 


*" 


3 


5 


— 


7 


10 


7 


14 


25 


16 


24 


33 


29 


34 




5j 




50 


47 


52 


60 


56 


61 


66 


67 


70 


80 


78 


80 


90 




87 


95 




92 


98 




95 



The difference between Output and Input values are plotted against the 
Input value (Fig 19). A difference of zero indicates complete concordance between 
Output and Input values. The difference between Input, and Output using the TMBSP 
method has a mean of - 0. 1 5 (SD^2.4), and the confidence interval at 95% includes 
zero, indicating the high accuracy of estimations generated by the TMBSP algorithm. 
The mean difference between Input, and Output using the melting peak area ratio 
analysis is -4.2 (SD=2.9). The 95% confidence interval does not include zero, 
indicating a bias with the melting peak area ratio method. 

EXAMPLE 7 

This example demonstrates that the gene dosage in a mixture can be 
quantified using the Thermodynamic Modeling based Signal Processing (TMBSP) 
algorithm. 

In an exemplary system, a gene locus of interest is studied for deletion 
or duplication using the addition of a known amount of non-ampltfiable competitor 
DNA prior to PCR. After PCR, dosage ratio between the gene locus and the 
competitor in a wild type sample is compared against the ratio in unknown samples 
by aid of the algorithm. For instance, deletions and duplications at the exon level are 
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known to exist in tumor suppressor genes, and while they are considered important in 
a variety of tumors, including breast cancer, bladder cancer, and hereditary non- 
polyposis colorectal cancers, detailed studies of these large deletions and duplications 
have been difficult due to limitations of conventional analytical methods. In this 
exemplary system, analysis of such large deletions or duplications is facilitated. 

PCR primers are selected to amplify a segment of the gene locus of 
interest. Typically, the segment is 100 to 200 bp in length, although the segment can 
be longer or shorter. A sequence specific probe system, for example a set of 
hybridization probes, or alternatively, a single-labeled probe, that is complementary to 
a portion of the amplified segment is provided Illustratively, this segment is void of 
known single nucleotide polymorphisms. In addition, a single-stranded competitor 
polynucleotide, also generally complementary to the probe(s) but mismatched at one 
or more bases, is provided. This competitor strand is illustratively shorter than the 
amplified segment, typically 50 to 60 bases, and lacks the region required for primer 
hybridization, so the competitor does not amplify during PCR. Also, the 3' end of the 
competitor is phosphorylated to suppress self-priming. For a typical reporter probe 
that is 17 to 19 bases long, a single base mismatch and/or an additional one base 
deletion on the competitor strand creates a 10 to 12 °C shift in melting temperature 
(Tm). With such a change to the competitor sequence, the competitor and the target 
of interest may be differentiated by Tm. Alternatively, the probe can be designed to 
match the competitor fully (with a mismatch to the target). 

Illustratively, l^M of competitor is added to lOng of human genomic 
DNA in a 10 uL PCR reaction mixture that contains 0.1 to 0.2>iM of primers and 
other reagents for amplification. The probe(s) are also provided at a concentration of 
0.2^M. 

After PCR, melting curve analysis is performed on samples that all 
contain the same known amount of competitor. Typically, it is not necessary to start 
the melting curve analysis at the exponential phase of PCR Amplified material 
produced after 40 to 45 cycles of PCR, and thus in the plateau phase, will provide 
adequate data. Two tiers of standards are used: the first tier comprises 1) a wild type 
sample without the competitor and 2) the competitor by itself; the second tier 
comprises the wild type sample mixed with the competitor. From melting curves of 
the first tier standards, the TMBSP algorithm computes the ratio of gene locus to the 
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competitor in the mixed wild type standard. Unknown samples are then similarly 
analyzed and normalized to the ratio in the wild type. Samples that are wild type have 
a normalized ratio of 1.0. Samples in which the locus of interest is deleted in one 
chromosome (but not in the other) have a normalized ratio of 0.5. Samples with a 
one-fold duplication of the locus in one chromosome have a normalized ratio of 1.5. 

EXAMPLE 8 

The exemplary system in Example 7 is further modified to 
accommodate situations in which the amount of sample DNA prior to PCR is not 
controlled. The use of a housekeeping gene to normalize the amount of DNA across 
samples is well known. A second set of probes for the housekeeping gene, preferably 
labeled with a dye of different fluorescent color than the first set of probes, and a 
second competitor for the housekeeping gene in exactly the same amount as the first 
competitor, are added to the sample. Alternatively, a chimerical competitor carrying 
the sequences of the first and second competitors is used to ensure equal dosage of the 
two competitor sequences. The ratio of the housekeeping gene versus the competitor 
is calculated by use of the algorithm in all samples, and then used to normalize the 
dosage of the gene locus. 

EXAMPLE 9 

The system described in Example 7 is further simplified by the 
additional use of the basis function approximation algorithm (detailed in Example 6). 
In this case, only one standard melting curve is required. The approximation 
algorithm takes the melting curve of the wild type sample that is mixed with its 
competitor, and separates the curve into two standard curves (one for the gene alone 
and the other for the competitor alone). The ratio of gene locus to competitor in the 
wild type sample is assigned 1.0. The algorithm-generated standard curves are then 
used to calculate the ratios in unknown samples using the TMBSP algorithm. The 
final answers are the same as those generated in Example 7. 

EXAMPLE 10 

This example demonstrates that the mass fraction (or molar ratio) of 
two or more nucleic acids in a biological sample can be quantified using the 
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Theimodynaraic Modeling based Signal Processing (TMBSP) algorithm without 
limitation to use of the same PCR primer set for amplification, or the same probe sets 
for the different nucleic acids. 

Segments of the human HER-2/neu gene and the housekeeping gene 
beta-actin are amplified using separate PCR primers for each gene, and melting 
analysis is performed also using separate probes. The probes are fluorescently labeled 
to allow detection of both genes by one detection channel on the LightCycler® 
instrument. The probes also have different melting temperatures (Tm) so that the two 
genes can be distinguished. Example 4 describes the HER-2/neu pTobes in which the 
LCRed640 dye is used on the reporter probe that has a Tm of 64°C. U.S. Patent No. 
6, 1 74,670, describes beta-actin probes in which the reporter probe is labeled with Cy5 
and has a T m of about 74°C (U.S. Patent No. 6,174,670 SEQ ID NO:3 and SEQ ID 
NO:4). The melting curve data from the wild type standard is first analyzed by the 
basis function approximation algorithm to convert the data into two separate melting 
curves. Then the ratio of Her-2/neu to beta-actin in other samples is calculated by the 
TMBSP algorithm, using the ratio in the wild type standard as 1.0. It is also 
contemplated that using similar approaches, mass fractions (or molar ratio) of more 
than two nucleic acid species can be quantified in a biological sample. 

Although the invention has been described in detail with reference to 
preferred embodiments, variations and modifications exist within the scope and spirit 
of the invention as described and defined in the following claims. 
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CLAIMS: 



1 . A method of determining mass fractions of first and second 
target nucleic acids present in a test sample, said method comprising the steps of 

(a) contacting the target nucleic acids with a fluorescent nucleic 
acid indicator, the indicator being configured to provide a signal related to the 
quantity of indicator hybridized to the target nucleic acid, the indicator further 
configured to discriminate the Larget nucleic acids based on melting temperature, 

(b) illuminating the test sample, 

(c) monitoring fluorescent change to generate a melting curve, and 

(d) using a thermodynamically based signal processing algorithm 
to determine the mass fraction of the target nucleic acids. 

2. The method of claim 1 further comprising the steps of 
defining standard melting curves ft for each target nucleic acid having 

a standard melting curve, and 

defining a melting curve f mix of an unknown sample, 
wherein the thermodynamically based signal processing algorithm 
simultaneously finds a smoothing parameter a, mass fraction m t of each of the nucleic 
acid targets present in the unknown sample, and melting temperature and mass 
fraction parameters of remainder functions, and uses a coupled optimization and 
iterative process to miriirnize 

said optimization and iterative process repeated until a sum of the mass fractions is > 
1 - €, where € is a tolerance value. 

3. The method of claim 1 wherein the mass fraction of the target 
nucleic acids provides information concerning a deletion or a duplication in a gene. 

4. The method of any of claims 1 -3 wherein the fluorescent 
nucleic acid indicator comprises a fluorescently-labeled sequence specific 
oligonucleotide probe. 
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5. The method of claim 4 wherein the sequence specific 
oligonucleotide probe is selected from the group consisting of a FRET pair probe 
system and a single- labeled oligonucleotide. 

6. The method of any of claims 1 -5 wherein the second target 
nucleic acid is a competitor of the first target nucleic acid for the fluorescent nucleic 
acid indicator. 

7. The method of any of claims 1 -6 wherein the test sample 
further comprises a thermostable polymerase and a pair of oligonucleotide primers 
configured for amplifying the first target nucleic acid, said method further comprising 
the step of 

amplifying the target nucleic acid, said amplifying step cKXurring prior 
to the step of using the thermodynamically based signal processing algorithm. 

8. A method of quantifying a target nucleic acid present in a 
biological sample, said method comprising the steps of 

(a) combining in a single reaction vessel at least a portion of said 
sample, a thermostable polymerase, a known concentration of a competitor nucleic 
acid, a pair of oligonucleotide PCR primers, and an oligonucleotide probe; 

wherein said pair of oligonucleotide PCR primers is configured for 
amplifying a selected segment of the target nucleic acid and the competitor nucleic 
acid; wherein said competitor nucleic acid has a unique section having a different 
sequence from a corresponding region of the target nucleic acid; and wherein the 
competitor nucleic acid and the target nucleic acid are amplified with essentially 
equal efficiency; 

said oligonucleotide probe labeled with a first fluorophore and 
configured to hybridize to the unique section of the competitor nucleic acid and the 
corresponding region of the target nucleic acid; 

wherein hybridization of the oligonucleotide probe to at least one of its 
respective complementary target nucleic acid and competitor nucleic acids results in a 
change in the magnitude of fluorescence from the fluorophore; 

(b) amplifying the selected segment of the target and competitor 
nucleic acids; and 

(c) illuminating the biological sample and monitoring fluorescent 
change from the first fluorophore. 
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9. The method of claim 8 wherein the illumination step includes 
melting curve analysis. 

10. The method of claim 9 wherein the melting curve analysis 
includes using a thermodynamic modeling based signal processing algorithm. 

1 1 . The method of claim 8 wherein 

the competitor nucleic acid further comprises a first section having a 
sequence identical to a corresponding first region of the target nucleic acid; 

the oligonucleotide probe is an anchor probe configured to hybridize to 
the first section of the competitor nucleic acid and to the first region of the target 
nucleic acid, adjacent to the unique section of the competitor nucleic acid and 
adjacent to the second region of the target nucleic acid; 

the combining step further comprises combining a target probe and a 
competitor probe in the reaction vessel, said competitor probe labeled with a second 
fluorophore and configured to hybridize to said unique section of the competitor 
nucleic acid sequence, and said target probe labeled with a third fluorophore and 
configured to hybridize to said second region of the target nucleic acid sequence; and 

wherein hybridization of the anchor, target, and competitor probes to 
their respective complementary target nucleic acids and competitor nucleic acids 
places the first fluorophore and the second fluorophore as well as the first fluorophore 
and the third fluorophore in a resonance energy transfer relationship. 

12. The method of claim 8 wherein step (c) includes monitoring the 
fluorescence as a function of time, the method further comprising the steps of 

(d) creating an amplification profile for the target nucleic acid and 
an amplification profile for the competitor nucleic acid; and 

(e) comparing the amplification profile of the target nucleic acid 
with the amplification profile of the competitor nucleic acid to determines a cycle 
shift between the competitor and target nucleic acids. 

13. The method of claim 12 wherein the steps (a) through (c) are 
repeated using varying known concentrations of the competitor nucleic acid, and the 
method further comprises the step of 

(f) determining an initial concentration of the target nucleic acid 
using the equation logC 0 =logE(An) + logT 0 wherein Q represents the initial 
concentration of the competitor nucleic acid, E represents the efficiency of 

amplification, An represents the cycle shift between the competitor and target nucleic 
acids, and T 0 represents the initial concentration of the target nucleic acid, wherein a 
line generated therefrom has a slope equal to the log of the efficiency of amplification 
and a y-intercept equal to the log of the initial concentration of the target nucleic acid. 
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SEQUENCE LISTING 

<110> university of Utah Research Foundation 
Idaho Technology 
Eyre, David J. 
Rasmus sen, Randy P. 
Caplin, Brian E. 
Wade, Stevenson 
deSilva, Deepika M. 

<120> REAL-TIME GENE QUANTIFICATION WITH INTERNAL STANDARDS 

<130> 7475-71275 

<150> US 60/316,614 
<151> 2001-08-31 

<160> 12 

<170> Patentln version 3.1 

<210> 1 
<211> 21 

<212> DNA 

<213> Artif i ci al Sequence 
<220> 

<223> Synthesized sequence for cloning. 
<400> 1 

ggggatccac ttcagtattg c 



<210> 2 
<211> 29 
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<212> DNA 

<213> Artificial Sequence 
<220> 

<223> synthesized sequence for cloning. 

<40Q> 2 

gggaattcca tggctgatcc tgcaggtac 

<210> 3 

<2U> 59 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> synthesized sequence for cloning. 

<400> 3 

gatcctgcag gtaccgatcg gatagtgagc gagagatagg tagggatggt tttatgtag 

<210> 4 

<211> 27 

<212> DMA 

<213> Artificial sequence 
<220> 

<223> Synthesized sequence for detection of internal quantification sta 
ndard . 

<220> 

<221> misc_feature 

<222> CD.. (ID 

<223> 5'-LC640 Fluorescent label 



<400> 4 

ctacctatct ctcgctcact atccatc 
<210> 5 
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<2ll> 27 

<212> dna 

<213> Artificial Sequence 
<220> 

<223> Synthesized sequence for detection of artificial hpv 16 sequence. 
<220> 

<221> niisc_feature 

<222> CD..GQ 

<223> 5'-LC705 Fluorescent label 

<400> 5 

attacatccc gtaccctctt ccccatt 

<210> 6 

<211> 22 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Synthesized sequence for cloning. 

<400> 6 

ccatggctga tcctgcaggt ac 

<210> 7 

<211> 22 

<212> DNA 

<213> Artificial sequence 
<220> 

<223> Synthesized sequence for cloning. 

<400> 7 

ccacttcagt attgccatac cc 
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<210> 8 

<211> 59 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Synthesized sequence for detection of internal quantification sta 
ndard and artificial HPV sequence. 

<220> 

<221> misc_feature 

<222> (59).. (59) 

<223> 3'-fluoresein Fluorescent label 

<400> 8 

ctcgtcatct gatatagcat cccctgtttt tttttccact acagcctcta cataaaacc 

<210> 9 

<211> 23 

<212> DNA 

<213> Homo sapiens 

<220> 

<221> misc_feature 

<222> (23).. (23) 

<223> 3*-fluoresein Fluorescent label 

<400> 9 

gttcctgcat gggcggcatg aac 

<210> 10 

<211> 33 

<212> DNA 

<213> Homo sapiens 



(8 7) )03-l 80378 (P2003-XU78 

<220> 

<221> nvisc_feature 
<222> Cl).-«3 

<223> 5 , -LC640 Fluorescent label 
<400> 10 

ggaggcccat cctcaccatc atcacactgg aag 

<210> 11 

<211> 18 

<212> DNA 

<213> Homo sapiens 

<400> 11 

gcgcactggc ctcatctt 

<210> 12 

<211> 17 

<212> DNA 

<213> Homo sapiens 



<400> 12 

ggtcagcggc aagcaga 
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ABSTRACT OF THE DISCLOSURE 

The present invention is directed to a nucleic acid quantification kit 
and method for determining the initial concentration or mass fraction of a target 
nucleic acid present in a sample. Dlustrative embodiments include real-time 
competitive quantitative polymerase chain reaction (PCR) to determine the copy 
number or mass fraction of a target nucleic acid sequence in a sample and use of a 
thermodynamically based signal processing algorithm, with or without PCR, to 
provide mass fraction information. 
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